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in Charles Stakman: President of AAAS, 1949 

:i Hart, University of Minnesota 


10 PLACE A SCIENTIST in tin applied field 
of biology at the helm of the AAAS might have 
been considered utter heresy not so many years 
, imes change, however, and today both the acn- 
.nd applied fields of all the sciences are filled 
jroad-visioned men dealing with theories, prin- 
, applications, and the whole gamut of scientific 
I'icnccB in relation to human progress. The-Ivory 
r is obsolete largely because of the beliefs and 
dies of such men as E. C. Stakman, who is chief 
le University of Minnesota's Division of Plant 
iology imd Agricultural Botany and agent in the 
. Department of Agriculture. 

*3 new president of the AAAS, born May 17, 
i, in Algoma, Wisconsin, and educated in Minne- 
, has the adventurous spirit of the Midwest. Life 
never u bowl of rosea to be admired and enjoyed 
mere beauty. An educnlion involved struggle, 
irous discipline, und sacrifice. Keenness of obscr- 
on was to be sharpened by constant practice and 
nse inlerest in ordinary and extraordinary phe- 
lena of cveryduy living. New ideas were to be 
ertained and carefully investigated. Intellectual 
egration of known facts and the ability to think 
irly were worth many long hours of discussion and 
.umpnt. The result is a vital, dynamic, stimulating 
rsonality eager for participation in numerous in lei - 
11 ual pursuits und tireless in efforts to enable other 
cudcnts the world over to contribute to human knowl- 
*ge- 

i takmnn was graduated from the University of Min- 
tu in 1906 and was honored by election Lo Phi 
Kappa. The M.A. degree was conferred upon 
.1 in 1910, mid the Ph.D. in 1913. The honorary 
ctor of Natural Sciences was awarded by the Uni- 
L*nly of Hall^Wittenberg in 1938. Ho is a member 
Sigma Xi, fire National Academy of Sciences, the 
lerican Philosophical Society, the American Acad- 
y of Arts and Sciences, the Washington Academy 
Arts and Sciences, and L’Acad&nie Royale d'Agri- 
:ure de Suede. He holds honorary membership in 
Sydney University Agricultural Society and the 
aadian Phytopathological Society, and was instru- 
i3ntal in organising the Mexican Phytopathological 
iciety. He has served as president of The American 
►iytopathplogical Society, as chairman of numerous 
v, that society, and us editor-in-ehief of 
o pathology . Pie also haa beet. Ameri- 
utopathologinche Zeitschrift and a 


member of the editorial committee of Annual Review 
of Microbiology. He is an active and forceful member 
of the Executive Committee of the National Research 
Council and the Advisory Committee on Biology and 
Medicine of the U. S. Atomic Energy Commission. 
He represents the AAAS on the Cooperative Commit¬ 
tee on Science Teaching. Throughout his scientific 
life Stakman has been associated with the University 
of Minnesota and the U, S. Department of Agricul¬ 
ture. In 1930, however, he was visiting professor at 
the University of Halle-Wittenberg, and on numerous 
occasions he has undertaken special scientific or educa¬ 
tional missions while on leave from the University. 

The researches of Prof. Stakman and his colleagues 
have helped Lo lay foundations for ma^y cooperative 
enterprises of plant scientists and agriculturalists, 
lie has succeeded in coordinating controlled and pre¬ 
cise experimental work in the biological laboratory 
with extensive and careful observations in Nature's 
laboratory. His researches on physiologic special, 
zation within species of the rust fungi Hnd on epidem/ 
ology of the cereal rust diseases elucidated the 
pathological principles basic to the synthesis of dis¬ 
ease-resistant varieties of cereal crops for the vast 
grain-growing areas of the Mississippi Valley. His 
painstaking work on physiologic specialization of nu¬ 
merous fungi has influenced the biologist’s concept of 
u species and has provided a better understanding of 
the biotypes and racial entities that make up a taxo¬ 
nomic species. Studies on ba'rf^lfaa^pve emphasized 
the importance of the stein 
source of inoculum for ccrOi 
place for the fungus wheg 
some of which may be far 
progenitors. Stakman's 
have opened the way f * 
cerning genetics of mic: 
lonts (In) are easily 
physiologic study and:; 
to provide material f< 
various characters. Hi 
were pioneer work—] 
airplanes were used 
in the air. Prom fa#'.-wo*.W' 
studies on the distrr^***— ^ 
isms, on the dissem 
continental areas, 
bat the introducti 
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Prof. Stakman. While studying the cereal rusts, lie sciences in various countries of Central and 

undertook scientific missions to Europe, to Alaska, America. Late in 1948 he became a member of 

and throughout the United States and Mexico for the mission of scientists from the National Acadf 

U. S. Department of Agriculture. Inquiry into dis- pointed to assist Gen. MacArthur in a survey^ 

ease problems of rubber production in Liberia and title research institutions in Japan. * 

establishment of a research laboratory for the Fire- While Dr. Stakman is known primarily asj; 
stone Plantations Company in 1930 necessitated travel pathologist and agriculturalist, he also is a r^ 

in West Africa and also a survey of rubber produc- educator. Graduate students and postdoctoil 

tion in the Far East. During World War II, in the lows from every continent in the world have sti| 

interests of national defense in the Western Hemi- his laboratories and have gained an insight ni 

sphere, Stakman joined a Department of Agriculture into the scientific fields of biology and agriculti 

Commission to study native rubber in South America also into the broad cultural life of an America 

and the possibilities of increasing Hevea rubber pro- versity and the history and development of the p» 

due tion there. In 1941 he was a member of the Rocke- of the United States. They have found inlel 

feller Foundation's commission to survey agricultural consideration and sympathetic understanding of 

needs in Mexico, and two years later he helped in the own notional or racial cultures and intense inter 

implementation of the Foundation's program for agri- their present and future problems, 

cultural improvement. More recently he has assisted The honor and responsibilities of the Associ^ 
the Foundation in a survey of agricultural problems presidency for 1949 have been well placed in tl» 
and status of education and research in the natural entist Elvin Charles Stakman. 


Research and the Development of Atomic Energy 

Robert F. Bacher, Member, U. S. Atomic Energy Commission 


R esearch is the backbone of the 

development of atomic energy. While the 
development of atomic energy also depends 
upon a host of technological improvements and upon 
the strength of industrial development nnd manage¬ 
ment, the guidance of research is a necessary require¬ 
ment. Today, the research carried on under the 
atomic energy project ranges through physics, chem¬ 
istry, metallurgy, the biological sciences, medicine, and 
most of tins branches of engineering. The shortage of 
trained scientific and technical personnel, due at least 
hi part to these greatly expanded activities, has 
prompted the Atomic Energy Commission to establish 
fellowship programs in the physical sciences and in 
biology and medicine and to set up technical training 
programs in radiation effects and the use of radio¬ 
active isotopes. 

The main work of the U. S. Atomic Energy Com¬ 
mission is carried on in several Divisions: the Division 
of Production, which includes the production of raw 
materials from which fissionable materials are made 
and the production of fissionable materials themselves; 
the Division of Military Application, which covers the 
research, development, and production of atomic 
wetpons; two Research Divisions, one for the pliys- 

"* NnvAblr II, 1941, matting 

Wlmiii# ■! iliimy of 


ical sciences and one for the biological and mol 
sciences; and the Division of Reactor Developm 
In addition, there are, of course, many support 
activities which are an important and necessary p 
of the general administrative organization. 

Most of the work in atomic energy is conducted 
contract with industrial companies, universities, 
search organizations, and other government agei 
The greater part of it is carried out in installs 
especially erected for that purpose, although sor 
it is located in installations owned by the vurioua 
fra c tors, The Atomic Energy Commission plan 
coordinates this work. It is very important, f< 
ample, that work in the production of flask 
materials keep abreast of the developments of e 
weapons and vice versa, and that research in r 
development take account of recent experiences ' 
production of fissionable materials in reactors, j 

Since a large part of the work of the atomh; * 
project is carried on in several large inak 
these installations have formed centers 
ment. At Oak Ridge, for example, therMTa al 
ager who is responsible for ail of the activities th} 


as well as for several other contracts^ 
associated with the Oak Ridge work 
Similarly, there are Managers R^ n P r 
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rgonne National Laboratory in located; at Santa Fe, 
ew Mexico, site of the Los Alamos Laboratory; at 
ichlund, Washington, where the Hanford plutonium 
lli7 la«it is located; and at New York, for the operation 
'r'^f< the Brookhavun National Laboratory and many 
Jontracts associated with the procurement and process- 
i ng of raw materials. 

All of the major contracts of the Atomic Energy 
lUmimiHsion are udminislered through one or another 
>T these offices under the guidance of the various Divi- 
iioiiH indicated above. Each ol 1 these Managers re- 
,juris to one of the Division Directors in Washington 
vho^e responsibility covers most completely the work 
parried on by his office. These Division Directors re¬ 
port to a General Manager, who is responsible for 
'!«rrying ouL Commission policy. Since every held 
office must curry on work in a large number of areas, 
•A ronsiderablc amount of coordination is needed both 

m 

that responsible Division Director and by the 
^lahjrper. It is the Commission's aim to have very 
f pose Contact between Lhe Planning Division in Wash¬ 
ington and those working directly in the held. 

The core of the Commission’s work is the procure¬ 
ment and processing of raw materials, the production 
■*t! flHsionuble materials, and their utilizotion either in 
in clear reactors or in atomic weapons. As is well 
tuown, uranium plays a unique role as a raw material 
ii I lie production of atomic energy. Natural uranium 
ton tains a small fraction—J part in 140—of uranium 
it mass 235, which possesses the ability to produce 
v]uclear fission with low-energy neutrons. It is this 
property, sometimes referred to as the property of 
|uclear inflammability, which allows one to make a 
fetuclear reactor from natural uranium and graphite 
Sr f rom uranium and heavy water. Other materials, 
tAduding thorium and the more abundant isotope of 
Cranium of iqass 238, are able to produce nuclear 
Ejssion only with higher-energy neutrons and cannot 
Sy themselves maintain a nuclear chain reaction. 

? j Since natural uranium has this unique property, it 

f a highly important element in the development of 
tomic energy. In the past, very little effort was put 
[Jnto the search for sources of uranium and into its 
Extraction from low-grade ores. Prior to the develop- 
f&ncaL of atomic energy, uranium was used mainly for 
J^hc extraction of radium and, once the radium had 
jBjftfn extracted, was of little or no use. Gen. Mc- 
|E|tfughton, of Canada, onoe told me that when he be- 
||aine president of the National Research Council of 
gbonada in 1935, one of his first problems was how to 
IMiliae the large amounts of uranimn from which the 
radium had been extracted. That little problem seems 
E^lfcve been solved. 

ft/f^ay, our ideas of the b^ic ' * /^anium avail- 

® - iniBTie 


able in the world are necessar^y fragmentary. The 
intensive search for uranium hatfijust begun. In the 
past, only high-grade deposits wefy mined; now, new 
information is being sought on how ^uranium may be 
extracted from low-grade ores, and it the same time 
the location and assessment of low-grade ore bodies 
nre being determined. An intensive effort is being 
made in this direction, and it accounts fofe one of the 
major lines of research and development fit present. 

Under the general category of production, ty-anium 
ore is processed, purified, and made either intd uran¬ 
ium hexafluoride for use in the diffusion plants at Oak 
Ridge or into uranium metal for insertion in the 
nuclear reactors at Hnnfovd. Each of the steps in 
this process has been subject to a great many chungtis 
ns a result of research and development and, indeed, 
the production of uranium hexafluoride and the pro¬ 
duction of uranium metal were, in their earliest stages, 
research processes. 

One of the major ainiB of the production program is 
to obtain a purified fissionable material, since this can 
be used either in a variety of nuclear reactors or for 
the production of atomic weapons. One method of 
obtaining fissionable material is to separate uranium 
235 from the natural uranium by a gaseous diffusion 
method which was developed during the war and put 
into operation in 1945. For this purpose a very large 
plant was constructed at Ouk Ridge. This plant con¬ 
tains miles and miles of piping and many hundreds 
of pumps. The separation of uranium 235 from 
uranium 238 is accomplished in a very large number 
of steps nnd depends essentially upon the fact that, 
due to its smaller mass, a molecule of uranium hexa¬ 
fluoride (UF a ) containing uranium 235 has a slightly 
greater chance of diffusion through a tiny hole than 
one containing uranium 238. As you may guess, this 
probability is not much greater, and the operation 
must be conducted many times in order to achieve any 
sensible separation of isotopes. That this is a prac¬ 
tical method of isotope separation is a tribute to tech¬ 
nology and industry. Of course, research has played 
a tremendous role in the development of the gaseous 
diffusion method, and today, a great amount of process 
development is going on which constantly improves 
the efficiency and reliability of the operations. 

Another method of isotope separation which was 
pursued vigorously during the war is the electromag¬ 
netic method. Here the separation of isotopes de¬ 
pends upon the curvature of the paths of ions of dif¬ 
ferent masses in a uniform magiietic field. It is the 
old principle of the mass spectrograph used en an 
industrial scale. Today, the plant constructed at -OjlAL 
Ridge during the war for the separation of uranfq)E^ 
isotope? by tjhe electromagnetic method is largely* in 
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stand-by condition, Work on new developments is 
going forward^ hoover, and a small part of the war¬ 
time installation ^operated to test new improvements. 
In addition, thf researc ^ and development work on 
separation of t anium isotopes by the electromagnetic 
method is con led 'with the separation in small amounts 
of the isoto^B of many other elements. Small quan¬ 
tities of th de are needed in many cases to sort out the 
nuclear T*operties of the various isotopes, since these 
nuclei ‘e as different one from another as those of 
ordin'T atoms. Some of these separate stable iso¬ 
tope nr® important as tracers, but more of that later. 

feveral other methods of isotope separation were 
eplored during the war, and Borne of them were 
ctually acted upon and plants constructed. A ther¬ 
mal diffusion plant was operated for a short time at 
Oak Ridge. Research and development work on the 
separation of isotopes by a centrifuge method was 
undertaken, but no plant was ever constructed. New 
means for the separation of isotopes beyond thoBe al¬ 
ready tried or uow in active use depend upon funda¬ 
mental research for their foundation. 

The production of fissionable materials in a nuclear 
reactor is accomplished in a very spectacular way. 
The whole idea of a nuclear reactor and the operation 
of a self-sustaining nuclear reaction is, indeed, a revo¬ 
lutionary one. Since the first self-sustaining nuclear 
reaction was achieved at the Metallurgical Laboratory 
in Chicago, just about 6 years ago, several reactors for 
research, development, and production purposes have 
been constructed. Nuclear reactors were developed 
during the war solely for the purpose of producing a 
new element—plutonium—which is a fissionable mate¬ 
rial and may, therefore, be used as an ingredient for 
the production of atomic weapons. Plutonium is pro¬ 
duced from the excess neutrons which are generated 
in the fission process, Some of these neutrons pro¬ 
duce more fissions in uranium 235; others are ab¬ 
sorbed by the uranium 238, producing uranium 239, 
which is radioactively unstable and emits two beta 
particles one after the other, becoming plutonium— 
element 94, mass 239. In order to produce plutonium, 
even in small quantity, a large number of fissions must 
take place. Since each nuclear fission produces an 
amount of energy roughly 2,000,000 times that pro¬ 
duced in the combustion of a hydrocarbon molecule, 
the production, of plutonium is accompanied by the 
liberation of large quantities of energy. So far, this 
energy hns been wasted, but potentially it may be very 
useful. The large reactors constructed at the Han¬ 
ford plant, out on the Columbia River, are plutonium 
producers. The considerable quantity of energy which 
they produce from nuclear fission warms the Columbia 
River slightly but is put to no constructive use. 


After uranium bus been irradiated for some time in * 
the nuclear reactor or pile, it becomes highly radio¬ 
active with fission products and also contains a very 
small amount of plutonium. In order to separate this 
from the fission products in uranium, a rather elabo¬ 
rate remote-control chemical plant is needed. This 
separation would not bo extraordinarily difficult if this 
material were not highly radioactive. But to operate 
a complicated plant without being able to get into it 
at a critical time poses many problems. Research and 
development have not only been the foundation for 
the construction of nuclear reactors but have played 
an important role in the many developments which 
have taken place in the chemical processing. 

The development of the first atomic bomb required 
research into properties of fissionable materials and a 
rather imposing amount of development work. Since 
that time, research and development on weapons have 
been carried on at the Los Alamos Laboratory, atjrtf 
many new facts about weapons have been leipryed. 
This work has led during the past year to successful 
tests of several newly developed weapons which were 
carried out in the Pacific last spring. The research 
and development carried on in connection with the 
weapons work ranges all the way from fundamental 
work in nuclear physics and chemistry to weapons 
development work and ordnance engineering. 

A recent example of fundamental work at I^os 
Alamos is, I believe, of unusual interest. Using a 
very small quantity of helium of mass 3, the conden¬ 
sation of that material was recently achieved. This 
is a point of considerable scientific interest because the 
properties of the condensed Ho* 1 were expected to be 
very different from thoBe of normal helium of mass 4, 
and it was even thought by some that it might not be** 
possible to condense this material. It does, indeed, 
show quite different properties from ordinary helium 
at these low temperatures. The boiling point of He fl 
is observed to be 3.19° above absolute zero compared 
to 4.3° for normal helium, and its vapor pressure at 
low temperature is very much greater than that ob¬ 
served for He 4 . At 1.2° K, the vapor pressure is 35 
times that observed for normal helium. 

He 3 has been found to occur in very small amounts 
in natural helium. It is also obtained by the radio- - 
active decay of hydrogen of mass 3, or tritium, which 
can be produced by the bombardment of lithium in a 
nuelear reactor. Both of these isotopes, which are of 
unusual interest for nuclear experimentation, have re¬ 
cently been made available in small quantities as part 
of the Commission's isotope distribution program. 
you may know, the nuclear magnetic moments of both 
He 3 and H B have recently been studied and determined 
with some precision. The nucleus of H s is the atm- 
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pleat one showing radioactive decay. It has a half- 
life of 12 years, and the maximum energy of the beta 
particle is now believed to be about 18 kv. Recent 
measurements of the maximum energy of the emitted 
beta particle and of the half life now make it appear 
that there is no serious disagreement with the theo¬ 
retically expected relation between these two quanti¬ 
ties. In spite of the extreme softness of this radi¬ 
ation, it now seems likely that IP may be extraordi¬ 
narily useful as a tracer isotope. 

Research and development work which is not di¬ 
rectly connected with the production of fissionable 
materials or the development and production of 
atomic weapons forms a large part of the program 
of work in physical science research, biological and 
medical research, and in the development of nuclear 
reactors. 

The Commission has a major program of research 
ii, biology and medicine. This was first 1 undertaken 
during the war in connection with the production of 
radioactive materials and the health hazards accom¬ 
panying them. It was soon found that, in addition 
to health problems, there were many inadequately 
understood medical and biological problems which 
arose due to the unknown effects of these radioactive 
materials. During the war, work in these fields was 
confined largely to that absolutely necessary for the 
production programs under way. Very little was done 
to understand the effects of radiation upon living cells. 

The health work is now carried out on an even 
greater scale, since many more problems have arisen 
in connection with new methods of chemical processing 
and the greatly increased use of radioactive materials, 
in addition, a great deal of work is directed toward 
u better understanding of the effects of radiation upon 
living matter, and these studies include fundamental 
research in biology and medicine. Work is now under 
way to study the way in which radioactive materials 
are concentrated in various parts of the body, and 
similar studies have been made on plants. 

Radioactive isotopeq, which are proving to be an 
important means of finding new information in many 
sciences, are of particular importance in the complex 
problems in biology and medicine. Today, biological 
and medical workers are by far the greatest users of 
radioactive isotopes, and the possibilities are growing 
every day. Work now in progress in the biological 
sciences ranges from fundamental work on phbiosyn¬ 
thesis to practical problems on the ubc of fertilizers. 
It would be very difficult to overestimate the benefits 
the world could get from a better understanding of the 
processes by which plants accumulate sohxr energy. 

An example of the medical uses of radioactive iso¬ 
topes is some recent work at Tulane University. A 


"iST 

study was made of patients with congestive heart 
failure. Due to the deficiencies in the pumping action 
of the heart, the saline solution of the blood backs np 
in various parts of the body, the lungs become water 
logged, the liver swells up, and there is a general con¬ 
dition of dropsy. By using radioactive sodium, it was 
definitely shown that the excretion of sodium was sub¬ 
normal, and a drug was found which increases greatly 
the salt excretion and relieves the dropsy. 

Another example is the work at Columbia Univer¬ 
sity, where radioactive iodine has been used ns a diag¬ 
nostic aid in determining whether patients have a 
thyroid disorder. Radioiodinc has also been used with 
success in many cases in the treatment of hyperthy¬ 
roidism, and the same radioisotope has been used in 
radioautogrnphie studies of primary thyroid cancer to 
give information which would point to possible ther¬ 
apy. These are but a few examples of the extensive 
use of one radioactive isotope in medical work. 

Sometimes the work in radiation effects leads to an 
unexpected result. Since the plutonium production 
reactors are located on the Columbia River, attention 
has been directed townrd studies of salmon. Dr. Don¬ 
aldson, head of the School of Applied Fisheries at the 
University of Washington, has found in the course 
of these studies that new spawning grounds can he 
successfully established by the transplanting of spawn 
to suitable pools not previously used. 

The work in biology and medicine is carried on in 
the various National Laboratories nt Brookhnven, Oak 
Ridge, and Argonne, as well as at Rochester, Los 
Alamos, Berkeley, and at a very large number of 
universities and medical schools. The Commission is 
also supporting the Atomic Casualty Survey, a study 
made of the casualties suffered from the bombs 
dropped upon Hiroshima and Nagasaki. 

In the physical sciences the work supported by the 
Atomic Energy Commission is predominantly in the 
fields of physics, chemistry, and metallurgy, although 
much of tills work branches into * the engineering 
phases of these sciences. A great deal of the work 
in the physical sciences, however, is directed toward 
fundamental research, since an effort is being made to 
encourage fundamental work in nuclear science, both 
in order to obtain a more complete understanding of 
the atomic nucleus and to provide trained scientists 
who may lateT take up applied work in atomic energy. 

Our understanding of the atomic nucleus is today all 
too Inadequate. While we have learned how to obtain 
energy in quantity from certain atomic nuclei, we do 
not know the origin of the forces holding the atomic 
nucleus together, and we have no explanation of most 
of the observed properties of atdmic hudei, such hb 
their nngula^momenta and magnetic momenta. In- 
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formation on nuclear properties is now being added at 
an ever-increasing rate, and today, many fundamental 
properties of nuclei nre known of which we were 
ignorant three years ago. 

There have also been many exciting experiments 
with cosmic rays and with high-energy particles ac¬ 
celerated in giant machines. During the past year, 
the first man-made mesons were produced in the big 
cyclotron in Berkeley, and now it seems that there are 
probably several kinds of these intermediate mass par¬ 
ticles which are produced by high-energy particles. 
Work upon these fundamental particles of physics is 
being carried on in Commission-supported laboratories 
and under n number of contracts with universities 
which have been supported jointly by the Commission 
and the Office of Naval Research. 

The requirements of nuclear reactors have posed 
many interesting and difficult problems. Due to their 
unusual ability to absorb neutrons, it has become nec¬ 
essary to separate rather completely some elements 
from various materials with which they are usually 
found and in which they have frequently appeared 
as impurities because of their similar chemicul proper¬ 
ties. In some cases it has been necessary to reduce 
the content of such impurities in reactor materials to 
a fraction of n part per million. The effects of radia¬ 
tion upon materials in nuclear reactors have prompted 
it vigorous investigation of the solid state character¬ 
istics of certain materials. The whole subject of the 
solid state is, indeed, a difficult one, and the radiation 
effects upon materials are today only very incom¬ 
pletely understood. These effects constitute one of 
the major problems in reactor development, and some 
further basic understanding will certainly be necessary 
in the course of this development. The requirements 
of reactors have also led to the development of several 
new metals which have not been used previously due 
to their difficulty in preparation but which may prove 
to he the structural materials of the future. 

The development of nuclear reactors is a subject 
which is just beginning to come into its own. At the 
end of the war, the optimism about the development 
of atomic power struck everywhere, and the technical 
difficulties were only just beginning to be understood. 
For example, radiation effects upon materials 1 in re¬ 
actors had been anticipated, but the seriousness of 
these effects and the difficulties to which they might 
lead were only partially foreseen. Radiation effects 
soon proved to be a reality, and the difficulties to 
which they led were serious. It became necessary to 
backtrack considerably in reactor development in 
order to take account of these effects. 

The chemical problems of reprocessing nuclear fuel, 
or of extracting plutonium from irradiated uranium, 


have likewise proved to be a major headache. These 
chemical processes are costly and complicated, and in¬ 
volve tremendous outlays in plant. Disposal of the 
radioactive wastes obtained from these chemical plants 
has proved to be extremely difficult. During the past 
two years, considerable progress has been made in tht 
development of new chemical processes which may 
prove to be more efficient and which may help in the 
disposal prohlem. The disposal of these products, 
which have sometimes been referred to by the un- 
euphonious name of atomic garbage, is much more diffi¬ 
cult than the disposal of ordinary industrial wastes. 

These hurdles in the development of nuclear reactors 
seem now to have been partially cleared, but we can 
by no means conclude that the production of electrical 
power from nuclear reactors is technically feasible, 
let alone economically feasible, 

It seems very likely that new developments will makr 
the production of electrical power from nuclear r s- 
actors technically feasible. But exactly how compli¬ 
cated such u plant will be and what its efficiency muy 
be arc points which are pretty much unknown. There 
are, indeed, whole sections of this work that are un¬ 
explored. For example, wc know that the efficiency 
of a heat engine depends upon the difference in tem¬ 
perature of the thermal cycle. Nuclear reactors today 
operate at relatively low temperatures; thus, the tem¬ 
perature difference measured on an absolute scale is 
indeed small, and the efficiency necessarily low. In 
order to achieve higher efficiency, it will be necessary 
to operate nuclear reactors at much higher tempera¬ 
tures. This involves many technical developments, 
some of which may prove to be desirable for other 
reasons as well, but much new work is necessary. 

The question of economic feasibility is one on which 
we can only speculate. It is true that various papers 
have been written on this subject, but it seems most ■ 
unlikely that the question of economic feasibility can 
be sensibly commented upon until the technical situa¬ 
tion is considerably clearer. We should remember, 
however, that the course of any new development, 
once its outlines have been clarified, is always to sim-" 
plify and thus cheapen the process. Although the de¬ 
velopment of electrical power from nuclear reactors 
looks complicated and questionable from the economic 
standpoint, we can expect that future work will make 
this development considerably more favorable. In 
spite of this, it is far too early to make any predictions 
about the economic feasibility of atomic power. 

On the technical side, the situation is much more 
promising but the developments are going to take 
some time. On a demonstration basis, electrical power 
will probably be developed from a nuclear reactor 
within the next two years. Within the next &-10 
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years there will probably exist a prototype of a nuclear 
reactor for the production of electrical power in quan¬ 
tity. This unit, of course, will be preceded by smaller 
units. Two of these are now being designed and will 
soon be under construction, one at the Argonne Na¬ 
tional Laboratory and the other uL the Knolls Atomic 
Power Laboratory near Schenectady. 

Of course, the whole development of economic elec¬ 
trical power from nuclear reactors is but one aspect of 
reactor development. For some purposes, such as the 
propulsion of a ship, the nuclear reactor has peculiar 
advantages from the fuel standpoint. Here, the ques¬ 
tion of size, weight, and complexity of the nuclear re¬ 
actor and its auxiliary equipment are of paramount 
importance. While no reactor, operating at the tem¬ 
perature presently used, could possibly prove to be a 
useful source of power for such a purpose, the use of 
higher Leinperatures may reasonably be expected to 
lead, in the not too distant future, to reactors which 
are suitable for this purpose. Whether or not the 
characteristics of such reactors Hre such that they will 
prove to be useful sources for ship or submarine pro¬ 
pulsion will have to await the outcome of the develop¬ 
ment work. At the present moment, the prospects in 
this direction look favorable, and it seems likely that 
this will be the first application of a mobile nuclear 
reactor. 

Many people have speculated upon the possibility 
of driving an aircraft by a nuclear reactor. Here 
there are many intriguing possibilities because of the 
extraordinary large energy content per pound of puri¬ 
fied nuclenr fuel. Unfortunately, nuclear reactors as 
we now know them are heavy. In particular, the 
shields for protection from the penetrating radiations 
produced inside must be very thick and heavy. Fur¬ 
thermore, the temperatures needed for aircraft nuclear 
reactors will probably need to be much higher than 
those which might be tolerated for driving a ship. In 
short, the problems here seem to be much more difficult. 

The other day I read in a newspaper that someone 
had said that the theoretical work for the construction 
of a nuclear-powered aircraft was 99% complete. 
Probably be was misquoted, since there are certainly 
some important scientific problems yet to be solved. 
But the development of a nuclear-powered aircraft is 
primarily a technical and engineering problem—not 
& scientific one. Whether such a development will 
prove to be feasible can be determined only if a very 
great amount of new technical work is done. 

In this connection it is interesting to note that the 
S-20 which was first used in combat in the later stages 
of the war was being designed prior to the discovery 
of nuclear fission. It took just about the same time 
*° l?o from the discovery of nuclear fission through 


the production of experimental, pilot plant, and pro¬ 
duction chain reactors, through the extraction of puri¬ 
fied fissionable material, to the development and con¬ 
struction of the atomic bomb that it took to proceed 
from the design ol' the B-29 to its actual use. This is 
by no means due to any luck of ingenuity and industry 
on the purt of airplane manufacturers, but rather to 
the enormous complexity of the technical and construc¬ 
tion problems which must be solved to make an air¬ 
plane or airplane engine. We cannot expect the nu¬ 
clear-powered aircraft to appear in the next few years, 
even if further work does indicate that it is feasible. 

One of the most exciting prospects in the develop¬ 
ment of nuclear reactors is the possibility that one 
mny he able to consume fissionable material, obtaining 
energy from this process, and at the same time utilise 
the neutrons thus produced to generate a larger amount 
of fissionable material than was destroyed. This sub¬ 
ject is now being actively pursued. Whether or not it 
will be possible to achieve is not yet clear. In order 
to be practical, it will ulso be necessary to develop 
highly efficient chemical treatment of the nuclear fuel 
which must be reprocessed from time to time. It ia 
u very intriguing possibility, and since the amount of 
new material which can be produced will depend both 
upon the intrinsic rate of production in the reactor 
and the amount of fissionable material thus committed, 
our stock of fissionable material may prove to be an 
even more precious possession than it seems today. 

As you tan see, research enters into almost every 
phase of aLomic energy work. There is no sharp dis¬ 
tinction between research and development. While 
there are a few examples where fundamental research 
can be set off by itself, it is more usual to find that de¬ 
velopment work often produces new leads for funda¬ 
mental research and fundamental research shows the 
way to new possibilities for development and practical 
utilization of atomic energy. 

Much has been made over the point expressed by 
some that atomic energy is of use only as an instru¬ 
ment of destruction. It is certainly true that our in¬ 
troduction to atomic energy was through the operation 
of the plutonium production reactor and the develop¬ 
ment 61 the atomic bomb. All work during the war 
was aimed at the development of the atomic bomb, 
but in the past three years we have seen the actual 
start of work in many other directions. The future 
holds quite a different picture. I believe that only 
those of myopic vision today believe that the long- 
range developments of atomic energy will not in time 
contribute very greatly to man’s general well-being 
and cultural advancement if he can but stir up the 
wisdom needed to handle the tremendous forces which 
have been unleashed. 
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Preliminary Investigations of Chromosomes and Genes 


With the Electron Microscope 



Daniel C. Pease and Richard F. Baker 


Departments of Anatomy and Experimental Medicine , 

School of Medicine, University of Southern California, Los Angeles 


A RELATIVELY SIMPLE METHOD of cut¬ 
ting 1 and mounting sections sufficiently thin for 
^effective use with the electron microscope was 
recently described by the present authors (Proc. Soc. 
exp. Hiol. Med., 1948, 67, 470). Section 0.2 \l thick 
were described originally, but with practice and minor 
improvements, 0.1 -pL sections often have been obtained. 
We have started to apply this technique in a study of 
chromosome structure. Work has been initiated with 
the salivary glands of Drosophila melanogaeter, fixed 
in the conventional manner by removing the glands 
directly within nn acetocarniine mixture. This mode 
of fixation proved to be rather better than wc had 
anticipated, even at the highest magnifications. 

Before proceeding, it may be well to point out the 
known salient features of salivary chromosomes for 
those whp are not familiar with their highly specialized 
organization. These are not ordinary chromosomes 
with single chromomerc granules spaced along n 
single chromonema] thread. Instead, each primordial 
chromosome has reduplicated itself many times over. 
The end-product is a giant multiple chromosome made 
up of hundreds, if not thousands, of identical units. 

Work with low magnifications disclosed particularly 
that the ehromomere bands were very dense—far den¬ 
ser than any other cellular constituent. One has only 
to glance at Pig. 1 to be impressed with the difference 
between the substance of the chromomeres and the 
nucleoplasm. Since the electron image is a function 
of atomic and molecular density, it iB possible to state 
definitely that chromomeres cannot have much water 
within them. The great density of the chromomeres 
has, in fact, been a major source of difficulty in at¬ 
tempts to employ high magnifications to resolve their 
structure. Excellent detail could be seen in any por¬ 
tion of a 0.1-p section except within chromomeres. 
The latter have been visualized effectively only when 
their thickness was substantially less than 0.1 1 *. This 
has occurred at the edges of sectioned chromosomes 
where their substance tapered (as in Fig. 2), or when 
sections had polled apart somewhat to produce particu 
larly thin areas (as in Fig. 4). Under those circum¬ 
stances chromomeres have been re^gj^ed into their 
unit particles, 


i 1 ■ 

It will be convenient to begin our detailed discussion 
with Fig. 3, which shows a chromosome at rnodWiM'* 
magnification for the electron microscope. The gen¬ 
eral TelntkmH show well, although fine detail is lack¬ 
ing. Chrainouiere granules arranged in band! 
readily visible, the larger ones, however, being op 
to the electron beam. The lighter bands con 
smaller granules usually arnngcd more diffusely.] 
one region, isolated 800-A particles arc visible, 
matrix is coarsely vacuolated—-undoubtedly a fixl 
artifact, for the proteins of any greatly hydrated* 
tion of h (-ell always are precipitated as a fibrous] 
Between the vueuoles a mesh of relatively heavy fit 
exists, too large and irregularly arranged to be ide 
liable directly with chrornoneimita. This figure sis 
most of the relations (and artifacts) thnt can be 0 » 
readily. One point that can be established definitelBai 
this magnification is the fact thnt no limiting 
branc can be found at the surface of the chromoscliie 

Under circumstances outlined earlier, detail was,wen 
within chromomeres, but micrographs showiug Ilhis 
clearly have been rarities. The remaining disci (Sion 
will be based upon about a dozen pictures, althftigli 
many more suggest and confirm the relations typ Le 
considered. Figs. 2 and 4 have been chosen to i’Iup- 
trnte the unit particles of chroriioinerej), but some dis¬ 
cussion of their general relations Beems naqfssa|y. 
Fig. 2 was from the edge of a chromosome. 1 Thtn* 
completely dense ehromomere bands con be seen to 
right. To the left, 500-A particles in isolation, 
also a small cluster of 1,000-A particles, can be 
The larger particles were quite obviously related 
much heavier band than were the smaller ones. 

Figs. 4, A, B, and C, arc the most revealing elee£ 
micrographs obtained so far. The original m 
graphs have a resolution of at least 30 A, alt] 
detail is lost in reproduction. All are of the 
preparation, but unfortunately, the plane of 
was quite oblique to the long axis of the chronv 
The individual bands tend to be shingled, one 
lapping the next. The course of the bunds is n 
horizontal, bb con be seen in 4B and at the uppei 
of 4A. The section wbb actually rather thick, 
clefts opened to disclose thin areas. 


* 


ii fe 





Electron micrographs of DruBophilv salivary chromosomes : Fig. 1, x 8,(100 ; Fig. 2, x 70,000 ; Fig. 8, x 40,000; Fig. 4, 
90,000, Chromonemata are designated by N. Particle lengths are expressed la Angstrom units. 



10 


SCIENCE 


January 7, 1949, Vol. 109 


In Pig. 4, wherever one sees detail in the chromo- 
mere bands, one gets the impression of spindle-shaped 
particles. In this and other micrographs, whenever 
the spindles showed to good advantage, they had a 
uniform density across their width, indicating that 
the particles were flat plates. If they had had circu¬ 
lar cross sections, the center axis would have been 
denser and blacker than the sides. Variations in the 
particle width within a single band further suggests 
that flat platen were being viewed obliquely, as though 
tilted in varying amounts. In Fig. 4C a few are 
thought to be seen on edge. The 1,000-A particles of 
Fig. 2 are of the same leaf shape. In fact, this seems 
to be very decidedly the most common type of unit 
particle which has been seen more or less clearly in a 
number of electron micrographs. 

Particles having other configurations have been seen, 
however. These were globular in character rather than 
flattened in one plane. The type we have observed 
beat and moat often was asymmetrical. The 500-A 
particles of Fig. 2 are examples. We have good evi¬ 
dence of cigar-shaped particles, and others appeared 
to be essentially spherical. It should be stressed that 
within any one band the particles appeared to be 
nearly uniform. Even in Fig, 2, the small particles 
were presumably identical, the difference in appear¬ 
ance resulting simply from their being viewed from 
different angles. 

The unit particles of the chromomere bands quite 
certainly were not of constant size from one bund to 
another. Approximate lengths of some that can bo 
measured most accurately are indicated on the figures. 
Because of the oblique section of Fig. 4, the lengths 
there may be deceptively low. Pnrticles ranging up to 
almost 1,500 A have been seen in other micrographs. 
Particles of 500 A are the smallest that have been seen 
clearly, although there is some reason foT believing 
that somewhat smaller ones exist. The particular 
particles of the left center of Fig. 4C are of about 
average size—approximately 750 A long and not more 
than 80 A thick. Although their width cannot be de¬ 
termined very accurately, it is probably about 250 A, 
The particle volume would therefore be of the order 
of 10 T A\ 

We have stan enough electron micrographs to re¬ 
alize that the grosser morphology of the bands is to 
some extent a reflection of the character of their unit 
particles. Particles of different shape apparently 
tend to aggregate in different manners. The most 
striking example is a very regular and uninterrupted 
alignment of cigar-shaped particles which has been 
observed to produce a band that would appear as a 
sharply defined, nongranulnr line in the light micro¬ 
scope. The leaf-shaped particles often were seen ag¬ 


gregated to form rather large granules, more or less 
fused with one another. This is the type of dense 
band visible in Fig. 3 and would definitely appear 
coarsely granular in the light microscope. Globular 
particles usually were observed only in small aggre¬ 
gates (Fig. 2 is an exception). The small granules so 
formed tended to exist in isolation and to be scattered. 
The light microacopist would see such bands as diffuse 
structures, very finely granular. No doubt other ns 
yet undiscovered relations exist, and the time may 
come when these cun be expressed more precisely. 

There is an interesting corollary of these findings. 
Since the chromomeres are composed exclusively of the 
unit particles, and since theory (and our own observa¬ 
tion) demands that every band contain the same num¬ 
ber of units, the volume of stainable material in a bund 
should be a function ol particle size. If these par¬ 
ticles can be identified as genes, gene size probably can 
be estimated with the light microscope. 

Before leaving the discussion of the unit particles, 
it will be wise to consider the possibility of fixation 
artifact. The degree and kind of artifact cannot be 
established with certainty without much further work 
employing other means of fixation and probably ly- 
ophilizing techniques. However, since the particles 
which have been observed had complex shapes, they 
cannot be dismissed lightly. Furthermore, these shapes 
are related to what the light microscopist can observe 
in living material as well as in fixed preparations. 
Finally, we have presented incontrovertible evidence 
that the particles are not greatly hydrated, so that 
there is no reason to expect major changes. The 
principal artifact may well amount to nothing more 
than some shrinkage. 

We have emphasized that the hydrated matrix of the 
chromosome was not well preserved; we believe, never¬ 
theless, that we often have Been chroinoneinata. In 
election micrographs with good resolution thin fibrils 
commonly were seen extending away from unit par¬ 
ticles toward adjacent bands, Usually they were b 
t a died to the tapered tips of particles, but the gloty 
lar particles sometimes seemed to be attached at 
side. A few micrographs showed these filaments 
great profusion. Under favorable circumstances, a 
single fibril could be traced from a particular particle 
of one band to one of the next as in Fig. 4B. Where 
these fibrils arc most conspicuous in the figures, they 
have been designated by the letter N. No clearly de 
fined chromonemata have been observed that were 
thicker than about 80 A. The thinner fibrils, probably 
stretched, were sometimes less than 50 A thick. 

Even though this work must be regarded as in its 
early stages, we have been impressed by the close 
(Continued on page ££, column £.) 
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Effect of Absorber Position on Counting 
Rate of Collimated and Uncollimated 
Beta and Gamma Radiation 1 

Francis Johnston and John E. Willard 
Department of Chemistry, University of Wisconsin 

Although it ih generally recognized flint, been,use uf 
scattering effects, the observed counting rule of n rndio- 
nctive sample depends on the atomic number and geo 
metrical arrangement of absorbers and surrounding 

TABLE 1 

Effect ok PosnuoN of Ausokbkk on the Counting Hate of 
Vn com.i m atko IIamatiun Fhom a Radioactive Mam cue 


In the case of the collimated beam (Fig. 2) a certain 
fraction of the radiation, represented by A t is trans¬ 
mitted through the absorber without scattering regard 
loss of the position of the horizontally placed absorber 
between the sample and the detector. The remaining 
rndintiun is scattered with an angular distribution which 
is independent of the distance of the absorber from the 
detector window, but the fraction of such radiation 
entering the window is dependent on tliia distance. This 
is illustrated by the radiation labeled B if which is scat¬ 
tered from an absorber in position I at such an angle 
tbnt it docs not enter the detector window, while the 

TAIlLiE 2 

Effect of Position of Augonnun on the Counting 
Hate of Collimated Radiation 




tD In lance (cm) 





fDlKfnneG (cm) 




lif bottom of 





of bottom of 


Test 

, Type of 

radlHlhm 

,. » absorber from : 

Absorber ,, 

., G-M 

Sum- . 

do 

1 window 

(/pin* 

Test 

„ Ty|ie of 

radiation 

Absorber 

absorber from : 

t * i G-M 

Lead * , 

.. . tube 

bln eli . , 

window 

Cpm* 

1 

Delft. 1.09 

101) mg/ein c 0 

5.4 

3,712 

1 

Beta, 1.00 

50.7 mg/cm 8 

1.5 

3.8 

812 


Mev, mu. 

of Bb 1.5 

3.9 

3/200 


Mev, max. 

of I’b 

3.0 

4.3 

425 



3.0 

2.4 

2,528 




4.5 

2.8 

001 



4.5 

0.9 

1.856 




0.0 

1.3 

1,045 

2 

Beta, 1.09 

120.7 mg/cm B 0 

5.4 

0,368 

2 

Bela, 1.09 

120 mg/cm a 

1.5 

5.8 

300 


Mev, max. 

of Al 1.5 

3.9 

5,508 


Mev, max. 

of Al 

3.0 

4.3 

401 



3.0 

2.4 

4,512 




4.5 

2.8 

737 



4.5 

0.9 

4,28B 




0.0 

1.3 

1,185 

3 

Gamma, 1.3 Mev 

020 mg/cm 8 0 

5.4 

2,052 

3 

Gamma, 1.3 Mev 

405 mg/em D 

1.5 

5.8 

672 


and 1.1 Mev 

of Tb 1.5 

3.0 

1,577 


and 1.1 Mev 

of I’b 

3.0 

4.3 

672 



3.0 

2.4 

1,377 




4.5 

2.8 

704 



4.5 

0.0 

1,184 




0.0 

1.3 

832 

4 

Gamma, 1.3 Mov 

S70 ing/cra 8 0 

5.4 

2,040 

4 

Gauuna, 1.3 Mev 

445 tug/cm* 

1.5 

5,8 

704 


and 1.1 Mev 

of A1 1.0 

3.9 

1,557 


and 1,1 Mev 

of Al 

3.0 

4.3 

720 



3.0 

2.4 

1,31 8 




4.5 

2,8 

786 



4.6 

0.9 

1,238 




0.0 

1.3 

84.8 


* Different radioactive samples and different Gelger-Mllller 
tubes were used in different tests, so the relation of the ab- 
Noluie counting rates of different tests has no significance. 

t Fig. 1. 

material (e.g. 1-5), wo do not know of any published 
data which show how greatly the counting rate may de¬ 
pend on the position of an absorber foil placed between 
a fixed sample and detector. The data of Tables X and 2 
Illustrate this dependence and the fact that a variation 
in absorber position in a collimated beam of radiation 
may have an effect opposite to that of a similar variation 
in position in uncollimated radiation. These effects may 
be explained with the aid of the schematic diagram given 
in Figs. 1 and 2. 

1 Tbs work reported here has been supported in part by the 
Hesearch Committee of the Graduate School from funds sup¬ 
plied by the Wisconsin Alumni Research Foundation. 


* Men Table 1. 
t Fig. 2. 

identical radiation, B„, scattered at the same angle from 
an absorber in position II, does enter the window. 

When the radiation is not collimated (Fig. 1) the 
effect illustrated in Fig. 2 still occurs for those rndin 
tions in the direct cone of the solid angle subtended by 
the counter window, but a larger effect, due to the de¬ 
crease in the total amount of radiation intercepted by the 
absorber as it is moved from tho sample toward the 
detector, is superimposed. This is illustrated by the 
radiation labeled C 1V , which escapes the absorber and 
counting tube completely when the absorber is in posi¬ 
tion IV but which has a certain probability of being 
scattered along the direction Cm and entering the detec¬ 
tor if the absorber is in position III, 
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The effect of absorber position depends, of course, 
upon area and thickness of the absorber, energy of the 
radiation, and degree of collimation of the beam. Under 
some conditions a minimum in the counting rate may 
occur as tho absorber is moved from the sample toward 
tho detector. A specialized crho of the effect illustrated 
in Fig, 1 is the "self-focusing 1 ' which often leads to an 
initial increase in counting rate of n radioactive sample 
of constant disintegration rate as it is diluted with in 
active material. 



Flu. 1. IlliiNiration oT the effect of ihe position or 
nil nbsorlier on the counting rate of iincolllninted rudla- 
I loll. 

A radioactive sample mounted as in Fig. 1 gives a lower 
counting rate through a pile of thin nbsorbers placed 
loosely on top of the sample than through a single thick 
absorber of the same total surface density. For exam¬ 
ple, when an 1,850 mg/cm 2 lead absorber in uncollimated 
gamma radiation from Co Ul) was replaced by 5 single ab¬ 
sorbers of thicknesses 916, 434, 234, 234, and 36 mg/cm 2 
totaling 1,854 mg/cma, the counting rate fell from 1,260 
cpm to 924 cpm. ThiB is presumably due to the greater 
average distance from the sample of the absorbing 
material in the loosoly piled absorbers and a consequent 
decrease in scattering of the type illustrated in Fig. 1. 

Since most radioactive tracer work requires only a 
knowledge of the relative counting rates of samples 
which can be counted under nearly identical conditions, 
ihe phenomena discussed here need not be a serious handi¬ 
cap In such investigations. 

The data of Table 1 were obtained using an un? 
shielded, brass, bell-shaped, Geigor-Miillcr counter tube 
mounted in a conventional Lucite stand provided with 
slots for reproducibly placing samples and absorbers. 
The li"-diameter mica window of the tube was 5.4 cm 
from the radioactive sample spread on a 1" watch glass 
resting in a cardboard holder, the backing of which was 
the wooden dask. The data of Table 2 were obtained in 
the same manner, except that the radioactive sample was 
placed at the bottom of a hole 1.5 cm in diameter and 
15 cm long in a lead block. The distance from the 


counter window to the top of the lead block was 7.3 cm, 
and tho geometrical relationships were such that the 
diameter of the collimated beam of radiation at the 
counter window was less than the diameter of the win- 



Kn;. J. Illustration of the effect of the position of an 
nhMOi’bcr on the counting rate of colllniHled radiation. 

dow. Tests of the effect of absorber position on the 
counting rate wore made with both aluminum and lead 
absorbers (2£"x3$" in area) with both the beta radia¬ 
tion of P aa (1.60 Mev, max. energy) and the gamma 
radiation of Co°« (1.1 and 1.3 Mov). The absoTbors used 
were thick enough to cut out the 0.3-Mev Cot*' beta 
radiation. 
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Oxidation of Parenterally Administered 
C 14 -labeled Tripalmitin Emulsions 1 

S. R. Lerner, I. L. Chaikoff, C. Entcnnun, and 
W, G. Dauben 

Division of Physiology, Medical School, and Department 
of Chemistry, University of California, Berkeley 

The question whether long-chain fatty acids can he 
utilized when administered by routes other than the 
gastrointestinal tract has aroused considerable interest in 
recent years. Dunham and Bnmschwig (£) failed to 
observe protein-sparing effects in 9 of 11 dogs when n 
highly emulsified fat wna injected intravenously for 
periods as long as one month. The emulsions used, how¬ 
ever, were quite toxic, McKibbin, el al, (4), on the 
other hand, have drawn the conclusion that intrn 
venously administered emulsions of fat are utilized, for 
not only did they find weight improvement and nitrogen 
retention in 2 dogs, but, in addition, they were unable 
to account for n considerable portion of the infused fat 
by finding it stored in an unmodified form. Meng and 
Freeman (5) also noted a gain in body weight in dogs 
that received fnt emulsions intravenously, but they point 
out that aucli results furnish no direet proof of fat utili¬ 
zation. 

The use of radioactive carbon provides for the first 
time a direet method for determining whether an animal 
can convert parenterally administered fatty acids to CO a< 
Palmitic acid containing C 1 * in the sixth carbon atom 

C 10 H2i Cl4 H B CH B CH a Cn i CH 1 COOH (1) 

(I) was synthesized ns described in an earlier communi¬ 
cation ( 1 ) nnd then esterified with glycerol by a modifica¬ 
tion of tho method of Feuge, et al. (5). An emulsion of 
the tripalmitin was prepared with glycerol monostearate 
ns the stabilizer and the fat dispersed into particles of 
less than 2 p, by means of supersonic energy. One or 

TABLE] 1 

Uecovert of C 11 in the Expired CO b of a Rat Injected 
Inthavknouhlt With a Fat Evulsion Containing 
T mpALMiTiN in Which the Palmitic Acid 
Was Labeled With C 1 ** 


2—4 4-0 0-19 10-24 Total 

10.2 8,0 20.0 4.3 G0.9 

13.7 7.7 24.2 4.5 50.G 

* The. values recorded are percentages of the total Injected 
radioactivity. 

1-0 cc of this emulsion containing 25 mg of tripalmitin 
was then injected into the foot vein of fasted rats 
weighing 175 gm. The expired CO a was collected and 
its Qu determined. Typical results are shown in Table 1. 

1 This Investigation was supported by a grant from the 
American Cancer Society (recommended by the Committee 
"n Growth) and the Cutter Laboratories. 


Interval 

(bra) 

0* In 
expired 
co a 


0-2 

Rat 

1 7.2 
Rat 

2 6.4 


In the first 2 hrs approximately 7% of the injected 
Ci* was found In the expired C0 2 , and at the end of 24 
hrs about one-half of the radioactivity was exhaled. The 
maximum rate of C 1- 0 2 exhalation was observed between 
the 2nd and 4th hrs. These results indicate that about 
une half of the administered palmitic acid had been 
metabolized in 24 hrs. 

The data presented here justify the conclusion that 
emulsified fat introduced directly into the blood Btream 
is available for caloric purposes. Further evidence that 
parenterally administered emulsified fnt pursues a normal 
metabolic path was provided by the finding that about 
50% of the injected C 1 * labeled fatty acids recovered in 
the liver had boon'incorporated into phospholipids at the 
end of 24 hrB. 
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Life Cycle of Postharmostomum laruei 
McIntosh 1934 (Trematoda: 

Drachylaemidae) 

Martin J. Ulmer 

Department of Zoology , University of Michigan 1 

The adult trematode, Postharmoatominn laruei McIntosh 
1934 (Drachylaemidae), has been experimentally devel¬ 
oped in this laboratory in tho deer mouse, Pcromyacua 
maniculatus (various subspecies), as the final host. 

McIntosh ( 1 ) described the adult, specimens of which 
he obtainod from the cecum of the chipmunk, Tamias 
slriatus lyateri (Richardson), The mctacercnria and 
adult of this species were described by Miller (S) in an 
abstract of an unpublished doctoral dissertation, in which 
lie nnmed this species lirachylaima (PoatharmostomuAn) 
ftcxconvolutum . An examination of Miller's thesis, how¬ 
ever, shows conclusively that his material included at 
least two species. Apparently aware of the synonymy and 
without referring directly to his published abstract, Miller 
(.*) reported on the growth rate of this parasite, now re¬ 
ferring to it as Fostharmoatomuin laruei McIntosh. 

My interest in the completion of the life cycle of this 
species was‘aroused when the metacercarial stages of the 
parasites, were encountered repeatedly during examination 
of land snails in the vicinity of Ann Arbor, Michigan. 
The metacercnriao are found within the pericardial cavity 
of the following land snails: Anguitpira alternate, Poly- 
gyra thyroides, P. profunda, P. multiline at a, p. fraudu- 
lenta , P. hirauta, Oaatrodonta ligera, and Zonitoidea ar- 

■ Contribution from the Department of Zoology, University 
nf Michigan, under the direction of Dr. George R. La Rue. 
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bore us. In slugB, too, the motacorcnriat* occur within the 
pericardial cavity. Only two species of land snails thus 
fur examined (A. alternata and P. fraudiilenta) harbor 
this species to the exclusion of all othor brachylaemids. 
The number of motacercnriue found within the pericardial 
cavity varies from one to many. Particularly in A> al- 
temata, the number per snail is frequently above 50, and 
one snail contained S3 fully developed metncercuriae. In 
genera^ mctncereurinc within the pericardial cavity may 
be divided into three recognizable age groups. Those 
fully developed are ovoidal, with well-established genital 
fundaments and exhibiting little or no movement. Very 
young metucercariae are characterized by the presence of 
a rudimentary tail, whereas intermediate forms are more 
elongate and tailless and show h considerably greater 
motility. All specimens differ from other members of tin- 
family found in snails in this area by the lack of ciliated 
excretory tubules. All three age groups may be present 
within the pericardial cavity of the same snail, indicating 
that immunity to the cercarino is not established follow 
ing infection. 

Observation showed that entrance of eoreariae to the 
pericardial cavity occurs via the respiratory aperture, 
Prom this point, they are assumed to migrate through 
the excretory duct to the kidney and thence, by wnv of 
the ronopericardial connection, to the heart chamber itself. 
Growth of metucorcariae is extremely slow; feeding ex¬ 
periments in progress show that at IS weeks the mefcn- 
cerrnrine have not yet reached full bizo. 

When fully developed metacercariae were fed to labora¬ 
tory renred Pcromyscus, adults of varying ageH were se¬ 
cured from thr cecum of the host. Attachment, to the 
cecal walls nnd ingestion of blood commence within n 
very few hours after feeding. Adult flukes have been 
maintained in Peromyacua for ns long as 100 dnvs. Egg 
production commences on the Rth or 9th duv, while fully 
embrynnuted eggs appear in the feces about the 20th day. 
All attempts nt securing discharge of eggs from living 
worms have been unsuccessful. 

Published dnta dealing with members of this family 
have shown a conspicuous lack of information concerning 
the mlracidial stage, primarily because of difficulties on* 
countered in freeing the mimeidia from tbe egg shells. 
Miller (£) concluded that the miracidial stage is non¬ 
existent for this form. Hatching of the miracidium of 
V. lorufi 1ms been observed by me, and work is now in 
progress in nn attempt to determine its morphology. 
Movement of the miracidia within the eggs can be seen 
nfier the crushed adults have been placed in saline; but 
emergence was noted only after the adults had been kept, 
under refrigeration several days in normal saline and 
then transferred to tap water, crushed, and the eggs Te- 
moved- 

Egga containing fully developed miracidia were fed to 
laboratory-reared specimens of A . alternata and various 
species of Polygyra, Branching sporocyats containing 
immature cercariae were found only In A . alternata after 
several weeks, while mature cercariae emerged between 
3 and 7 months after exposure, depending upon tempera¬ 


ture conditions. It is noteworthy that, although snails in¬ 
fected with the motacercarial stage are abundant in 
nature, averaging from 85 to 100% infection in localities 
near Ann Arbor where this parasite 1 b found, tho number 
of snails harboring sporocysts and corcariuo is exceed¬ 
ingly small, since only 15 individuals of more than 3,200 
examined to date by techniques involving the crushing of 
the snail have shown these stages. Moreover, fully de¬ 
veloped cercariae emerged from only 5 of these 15. 
During the examination of a great variety of terrestrial 
snail hosts, sporocysts of other species of BTachylaemidae 
have been found, but those of P. laruci were found only 
in A. alternata , indicating specificity of this species of 
snail to infestation with the sporocyst of P. laruci. 

A detailed account of this life cycle wiLli complete de¬ 
scriptions of all stages involved is ill preparation and will 
appear elsewhere. 
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Distribution of Free Amino Acids in Mouse 
Epidermis in Various Phases of Growth 
as Determined by Paper Partition 
Chromatography 

Eugene Roberu 1 and Ganon H. Tiihkoff 
Department of Anatomy, 

Washington University School of Medicine , St. Louis 7 and 
Department of Pathology , 

University of Rochester School of Medicine and Dentistry 

This is part of a series of experiments the purpose of 
which is to characterize the nitrogen inetnbolism of mouse 
epidermis in various phases of growth. 

In the experiments to be reported a survey was made 
of the free amino acids found in alcoholic extracts of 
whole epidermis obtained from newborn mice (0-4 and 7 
days of age), from normal adult mice, and from mice re¬ 
ceiving 3, 6, or 12 applications of methylcholanthrcne in 
benzene or 3 applications of benzene alone. A trans¬ 
plantable squamous cell carcinoma originally derived from 
a carcinoma produced on the skin of a mouse by the ap¬ 
plication of the carcinogen was also studied. The method 
of treatment of the animals and preparation of the tissues 
has been described (6). The tissues were dried in vacuo 
over P 2 O s , grouud, and redried to constant weight. Sam¬ 
ples (200 mg) of the tissues studied were stirred thor¬ 
oughly with 1 ml of 76% alcohol at room temperature, 
and determinations by tho two-dimensional chromato¬ 
graphic method (1, £ t 4) were made on 75 pi of the un¬ 
treated extract and on similar aliquots after oxidation 
with H a O a and after hydrolysis with IICl. The amino 

1 Aided by grants from tbe Charles F. Kettering Founda¬ 
tion and tbo National Cancer Institute. 
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acids were identified by thoir relative positions on the 
paper square and by comparison with a reference chro- 



tii iiflc from I'plilprnml ami tumor extracts : A, phenyl- 
nluulni'- H, lyrnnliip ; C, lruHne ; T>, valine; E, me l hi- 
on in c* an If oi ip ; G, iirnllnc ; II, li Istldlne ; I, hydruxy- 
p rollup ; J, uluulup ; K, threonine ; L, taurine ; M, 0- 
ii In nine or cMlrulllnp ; N, tfliilumine or serylglycylglyHiie ; 

<>, (fly rim 1 ; 1\ serine; Q, nnilnliip ; H, lysine ; S, kIii- 
tilmli* ncrhl : T, nspnrtlc acrid ; U, cystelc acid ; V, “oxi¬ 
dized” (flu 1 inI iIoiih ; W, ‘'undenrlulnmle acid,'’ unlden- 
11 lied : X, kIii In tli io 111*. 

inn I outrun prepared by Dent (.?), A diagram showing 
the positions of the ninhydnn-reactive substances found 
in the wimples is shown in Fig. 1. Hpot X was given by 



Fid, 2, Peroxide-treated extract of epidermis after 
6 paintings with meltiylcholanthrone In benzene. 

glutathione either in pure solution or on addition to n 
casein digest. On treatment of either solution by H^O.,, 
this spot was shifted to position V. It is interesting 
that, of these two spots, only V was observed in untreated 


extracts of all tlio tissues examined with the exception of 
the tumors, in which ense only spot X was found. 

In n provious investigation (J) it was found that the 
amino sieid pattern of whole tumor tissue was signifi¬ 
cantly different from that of normal epidermis, but 
similar in most respects to tlmt of the nonmallgnnnt hy¬ 
perplastic epidermis produced by the application of 
inethyJcholant,hrone. The present study shows that the 
carcinoma can be sharply differentiated from the latter 
tissue on the basis of the distribution of free amino acids 
in tlic alcoholic extracts (Figs. 2 Hiid 3). The tissue 
made hyperplastic by the application of the carcinogen 
and the epidermis of newborn mice had greater over-all 



Flu. 3. Extract of Hijiininous cell carcinomata. 

concentrations of the detectable constituents than the 
normal adult epidermis, while the tumors showed a strik¬ 
ing decrease. Only tho ‘ 1 underglutamic acid } 1 and cystine 
spots (the latter not appearing on this photograph) in 
the tumors had a greater intensity than in the other 
samples. Tho over all decrease in free amino acids found 
in the tumors is even more impressive when it is recalled 
that n given fresh weight of this tumor contains only ap¬ 
proximately onc-half of the dry weight found in the same 
freflh weight of normal or hyperplastic epidermis (6). 
There was a retardation of the movement of the amino 
Hcids in tho tumor extracts in the phenol direction which 
disappeared after acid hydrolysis. This phenomenon, 
which is often associated with the presence of constitu¬ 
ents of high molecular weight, such as polypeptides, is 
under further investigation. The application of pure 
benzene'produced marked increases in proline and lysine 
contents, a decrease in the taurine level, and little or no 
change in the other constituents. 

The epidermis of newborn mice and hyperplastic epi¬ 
dermis, both of which tissues have a more rapid rate of 
growth than normal adult epidermis, had greater con¬ 
centrations of free amino acids than the latter tissue, 
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while the rapidly growing carcinoma had a much lower 
content than normal. This suggests that the growth in 
the no a malignant epidermis may be associated with the 
ability of the cells to increase the intracellular concentra¬ 
tions of the amino acids necessary for protein synthesis, 
whereas in the malignant tumor the mechanisms for 
protein synthesis are much more efficient and can operate 
nt n greatly accelerated rate, even in the presence of 
smaller concentrations of amino acids. 

Several aspects of this work are being studied further. 
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Blocking Action of Tetraethylammonium 
on Axon Reflexes in the Human Skin 

Henry Janowicz and M. I. Grossman 
Department of Clinical Science, 

University of Illinois College of Medicine, Chicago 

Tetraethylammonium (4), which is now enjoying a 
wide trial as n diagnostic and therapeutic agent, is be¬ 
lieved to exert its effects by the specific blockade of auto¬ 
nomic ganglia (f, 2). It is of interest, therefore, that 
in connection with some studies of the autonomic pharma¬ 
cology of the Hkin we have obtained evidence that tetra- 
ethylammonium may exert an action on peripheral nerve 
fibers. 

In most individuals the intracutnneous injection of 
acetylcholine in appropriate concentrations induces pro¬ 
motion and sweating, which occur very promptly after 
injection of the drug and extend for a considerable dis¬ 
tance from the site of injection. These responses have 
been shown to be due to axon reflexeB dependent on the 
integrity of the postganglionic sympathetic fibers (5). 

By previously infiltrating the skin with tetraethylam¬ 
monium we have been able to inhibit the axon reflexes of 
promotion and sweating induced by acetylcholine. 

Pilomotion was elicited by the intracutancous injection 
of 0.1 ml of acetylcholine hydrobromide, 1: 26,000; axon 
reflex sweating, by the injection of 0.1 ml of acetylcholine 
hydrobromide, 1: 500. Sweating was demonstrated by 
the ferric chloride-tannic acid method of Silverman and 
Powell (ff). Axon sweating must be distinguished from 
the local response, which is confined to thq area of the 
wheal, and from the sweating which follows the lym¬ 
phatic diffusion of acetylcholine. Areas of the volar 


aspects of hath forearms were selected for each tesL The 
control area was prepared by the intracutaneous injection 
of 0.1 ml of physiological saline. The corresponding con¬ 
tralateral area was prepared by the intracutaneous injec¬ 
tion of 0.1 ml of tetraethylammonium chloride, 1: 100. 

It should be noted that tetraethylammonium itself, iu 
the range of 1:10 to 1: 100,000, does not induce pilomo¬ 
tion or sweating. 

In 15 experiments on 7 subjects in no instance did 
pilomotion occur when acetylcholine was injected into the 
spot where tetraethylammonium had been injected 1-2 
mill previously. Injection of acetylcholine into the con¬ 
trol area treated with Balme in every test produced 
typical pilomotion over an area of 2-3 cm in diameter 
surrounding the injection site and lasting for 45-90 sec. 
In 12 experiments on 8 subjects axon reflex sweating was 
either completely inhibited or markedly suppressed when 
acetylcholine was injected into the spot where tetraethyl- 
ammonium had been injected 1-2 min previously. The 
local sweat response was not impaired. Injection of 
acetylcholine into the control area treated with saline in 
every instance produced typical axon sweating over an 
area of 2-4 cm in diameter. 

Since these axon reflexes of the skin depend on the 
integrity of the postganglionic sympathetic axon and 
since they are blocked by the presence of tctrnothylam- 
monium locally in Ihe skin, it is presumed that the block- 
ndc occurs along the course of the efferent sympathetic 
fibers in the skin. 

The onlj' other theoretically possible site of the stimu¬ 
lating action of acetylcholine and the blocking action of 
tetraetliylainmonium is the neuro-effector junction. In 
any case, there are no ganglion cells in the skin, although 
these axon reflexes occurring over the peripheral neural 
apparatus behave pharmacologically as though the site 
of stimulation were an autonomic gnnglion. Rothman 
and Coon (5) pointed out this similarity and demon¬ 
strated that, as in the autonomic ganglia, nicotine or 
a-lobeline could be substituted for acetylcholine as the 
stimulus. The present study reveals a further similarity, 
namely, the blocking by telraethylammonium of the 
nicotinic stimulating action of acetylcholine. 

Evidence of the specificity of this blocking effect is the 
fact, that we have been unable to inhibit with tetraethyl- 
ammonium the flare which surrounds histamine-induced 
wheals of the skin, an axon reflex which is dependent on 
the integrity of afferent fibers of the skin (J). 
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Further Consideration of a Suggested Simple 
Laboratory Test for Poliomyelitis Virus 1 

Pierri R. Lepine 
Pasteur Institute , Paris 

Alex J, Sccigman 8 and Albert B. Sabin 

The Children's Hospital Research Foundation 
University of Cincinnati College of Medicine 

A preliminary note (I) reported findings which sug^ 
gested that mi interference phenomenon may have resulted 
in u relative protection of mice, inoculated with material 
containing poliomyelitis virus, against a subsequent inocu 
lation with the Lansing strain of virus. It was hoped 

TABLE 1 

Effect of PniDT'i m in art Inthaceheukal Inoculation of 
Extracts of Homan Btool on Monkey Spinal Cord, 
CONTAINING on FnEE OF POLIOMYELITIS VIRUS, ON 
Reaction of Mice to Surhkuuknt Intra- 
crliubiul Injection of Lanbino Vines 


No. of mice paralyzed 
or dead at Indicated 

Material Injected InlrnccrebrNlIy time after Intracerebral 
2 days before Lansing virus Injection of Lansing 

-virus (1 x 10-*)• 

Group Type Strain - 

10 14 28 

days days days 



Stool 

J.H 

7/10 

0/10 

10/10 


■< 

K.P. 

fl/10 

7/10 

10/10 


it 

D.Y. 

4/10 

6/10 

fl/10 

Presence of polio- 

it 

L.W. 

4/10 

8/10 

0/10 

myelitis virus In 

Monkey 





aliquot samples 

nplnal 





demonstrated by 

cordf 

B.H. 

D/10 

6/10 

0/10 

tests in monkeys 

" 

L.W. 

D/10 

5/10 

7/10 



J.F. 

fl/10 

7/10 

0/10 


*■ 

J.R. 

4/10 

0/10 

0/10 


H 

J.IL 

8/10 

4/10 

0/10 

No poliomyelitis 
vims found by 
tests In monkeys 

Stool 


0/10 

D/10 

6/10 

8/10 

10/10 

10/10 

Normal monkey spinal cord 

4/10 

7/10 

9/10 


lO-i 

Group 

1 

7/10 

B/10 

0/10 

No preliminary 

Group 

II 

0/10 

fl/10 

7/10 

Inoculation 

Lansing virus 

1(M 

8/10 

5/10 

8/10 


controls 

1CM 


0/10 

0/10 

fl/10 


10-8 


0/10 

0/10 

1/10 


* Based on the control titer of this virus at 2B days, this 
dose contains DO PDb of virus. 

t Strains of human origin—second or third generation In 
rhesus monkeys, 

that these findings might become tho basis of a Bimple 
laboratory test for the presence of poliomyelitis virus. 

1 Aided by a grant from the National Foundation for In¬ 
fantile Paralysis. 

1 National Research Council Senior Fellow In Pedlatrlca. 


Hince the preliminary report was baaed mainly upon the 
results obtained with extracts of 5 individual human 
stools collected during a single epidemic period, it was 
considered desirable to repeat the experiments on a larger 
scale with different strains of virus. The availability 
in the Cincinnati laboratory of a number of frozen speci¬ 
mens of known potency, based on recent tests in moa 
keys, permitted prompt repetition of this work. 

The results of these tests, shown In Tables 1 and 2, 
indicated that (a) the incubation period among different 
groups of mice inoculated with the Lansing virus alone 
was much more variable than appeared to be the case in 
the preliminary tests, and (b) intracerebral inoculation 
of mice with strains of poliomyelitis virus of proved 
pathogenicity for monkeys does not interfere with the 
action of the Lansing strain, regardless of whether or 
not those strains are immunulogically related to it. 

TABLE 2 

Effect of Preliminary Intracerebral Inoculation ok the 
IMMUNOLOCUCALLY RELATED "MV” VlBOH ON REACTION OF 
Mri'H tu Suhhncjiucnt Injection of Lanbino Virus 

No. of mice paralyzed 
or dead at indicated 
time after Inoculation 
Group" of Lanalng virus 1 ; SO 




10 

14 

28 



days 

days 

dU.VN 

0,08 cc of 20% nu sponsion of 

I 

C/5 

5/5 

5/5 

monkey spinal cord—"MV” 

II 

8/5 

5/5 

B/5 

virus—Injected Intrncore- 

III 

8/5 

D/5 

5/D 

hrally 2 days before 

IV 

8/5 

4/5 

6/D 

Longing virus 

V 

1/5 

4/5 

5/5 


I 

B/5 

5/5 

5/D 

No preliminary Inoculation 
Lansing virus controls 

II 

III 

IV 

4/5 

3/5 

2/5 

R/D 

4/D 

3 /D 

fl/0 

4/5 

5/5 


V 

2/5 

3/5 

4/5 


* All mice were Inoculated simultaneously with the same 
mnlerlal and divided into groups of 5 each In order to deter¬ 
mine the modem distribution of paralysis and death In sain- 
pU'H of this size. 

The tests were also repeated in the Paris laboratory 
with extracts of the stools used in the original tests, and 
the results were similar to those shown in Tables 1 and 2 
—irregularity in the prolongation of the incubation 
period among the preinoculated mice, and greater varia¬ 
tion than was previously observed among the controls. 

The results of this work lead to the conclusion that 
Interference with the Lansing virus in mice cannot be 
the basis of a simple laboratory teat for poliomyelitis 
virus. It is also noteworthy that Babin and Ward W. 
who tested many strains of poliomyelitis virus of recent 
human origin for their capacity to protect mice against 
R challenge dose of Lansing virus administered 2 months 
after the original inoculation rather than 2 days, as in 
the present tests, also obtained only negative results. 
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Comments and 
Communications 

A Note on "Why Vegetation on Watersheds?" 

The writer would like to add a rouplc of items ap¬ 
parently overlooked in the recent note by Chapman Grant 
(Science, October 29, p. 4Bfi). First, watersheds that 
have reservoir storage for the entire annual precipitation 
are quite rare. In southern California n large part of 
the water eon served is put underground by percolation of 
slowly released impounded stream flow. Complete stor¬ 
age is unnecessary as long ns the entire season’s pre¬ 
cipitation does not come nt once and is not turned im¬ 
mediately into stream flow. It is the watershed vegeta¬ 
tion that slows down the runoff to make storage less 
extensive und expensive, and that makes long continued 
percolation to underground storage possible. Becond, the 
gunited or tin-roof type of watershed has not, proved 
desirable. Residents of the desert nrettH of California 
and along the Wasatch front in Utah have suffered severe 
floods from denuded watersheds. In mnny cases the 
affected communities have pone to great effort and ex¬ 
pense to get u cover vegetation re-established. As the 
cover has come back, flood damage has been reduced. 

Research findings show that, though vegetation docs take 
its toll of the water supply in arid regions, the rosidunl 
water is almost all usable. Where the vegetation iH gone, 
si ream runoff often becomes flood flow. Such a flow is 
usually entirely wasted, except for percolation under¬ 
ground, and, in any event, is contaminated with a heavy 
load of silt and debris at nearly all stages. Interested 
CnliforninjiB might well review the watershed studies car¬ 
ried on by the Forest Bcrvirn at the Ban Dimas Experi¬ 
mental Forest near Los Angeles. 

W. E. Bullard 

Carson, Washington 

Antigen Films and Long-Range Forces 

In a recent, note ( Science, July 30, 1948, pp. 107-108) 
Knrush and Biegel produce evidence from electron micro¬ 
scope studies of deposited protein monolayers that the 
mouolavers on glnss slides are not smooth layers of uni¬ 
form thickness. The protein layers are apparently ir¬ 
regular in thickness with ridges or peaks which, in ex¬ 
treme cases, may be as high us 200 A. They assume 
from this that when multilayers of barium stearate are 
deposited on this irregular monolayer, the ridges or peaks 
project through the barium stearate layers. On the basis 
of this assumption they challenge the necessity for spe¬ 
cific long-range forces as postulated by Rotlien (Science, 
November 2, 1045, p. 446; J. biol. Chem 1947, 168, 75) 
to explain the specific interaction of an antibody with the 
antigen layer, through the intervening layers of barium 
stearate. 

There is no apparent justification for this assumption 
of Karush and Siegel. On the contrary, it seems un¬ 


likely that the peaks of the protein layer will project 
through any monolayer deposited on it. It is well known 
that, when monolayers are deposited onto a solid plate 
from a liquid surface, the deposition ratio is almost ex¬ 
actly unity (cf. Langmuir, et al. J. Amer. chem. Soo., 
1937, 59, 1751 ). This is true if the “solid plate” is 
a fine wire gauze bo that the monolayer does not even fol¬ 
low the contours of macroscopic irregularities on the plate 
surface. Tho film is stretched across the tops of any 
peaks or ridges. 

Karush nnd Siegel observed ridges which were gen¬ 
erally hotwoon 50 and 85 A high, nnd there is therefore 
no reason to suppose that those would have any offoet on 
a monolayer deposited on the protein film. If the pro¬ 
tein film is ridged, it means that the bulk of the protein 
will be even farther awuy from the antibody than is 
indicated by the thickness of the “barrier 7 ’ layer. 

If the explanation of Rothen's results is to be found 
in some penetration of tho barrier by antibody or antigen 
molecules, then a moro probable mechanism could be 
provider] by the crystallization of the barrier layers. 
Multilayers usually form microcrystals which are con¬ 
tinuous tlirough the thickness of the multilayer, und bo 
there will be intercrystnlline boundaries extending from 
top to bottom. It is conceivable that one or more active 
groups of tho antibody could penetrate at one of these 
boundaries. It docs not seem necessary for tho initial 
“hole” in the harrier to be large enough for a complete 
antibody molecule to get through. If a particularly ac¬ 
tive group can approach near enough to the antigen, it 
is possible that the forces brought into play arc large 
enough to extend the *' hole 17 so that a considerable 
amount of antibody could then penetrate the barrier. 

John Ibalij 

University of St. Andrews, 

University College, Dundee, Scotland 

Precedence of Modern Plant Names Over 
Names Based on Fossils? 

James M. Hchopf has proposed ati amendment to the 
International Rules of Botanical Nomenclature to the 
effect that names based on recent material should always 
take nomenclatural precedence over names based on fossil 
or Hubfossil specimens ( Science , April 2, 1948, pp. 344- 
345). “Always,” in this connection, obviously means 
even that the law of priority may thereby be violated. 
In iScicncc (October 20, 1948, p. 483) the author reports 
a “generally favorable” reception of his proposal. 

Both proposal and reception seem deplorable from a 
strictly nomenclatural point of view. They seem to be 
based on the “natural but mistaken assumption that 
types are somehow typical, that is, characteristic of the 
groups in which they are placed,” and on the fact that 
‘' typos ... are by many students supposed to bo not only 
nnme-bearers but also the bases on which group concepts 
are eroded and the standards of comparison for those 
concepts'* (Bimpson. Bull. Amer. Mus. nat, Hiat,, 1045, 
B5, 29). The primary and only function of types, how- 

1 Edwnrd A. Deeds Fellow. 
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ever, is name-bearing; this makes strict adherence to the 
law of priority imperative. Therefore, substitution of a 
new type species of a genus for an already established 
one, ns suggested by Sehopf, e.g. in the case of Meta 
sequoia, is not only not permissible under existing rules 1 
—as be agrees—but even if it were to be permitted by 
an amendment, it would be bound to create confusion. 

Unconsciously Sehopf, himself, gives an example of 
such confusion (p. 483) : Should the living and the fossil 
Metasequoia prove to be really congeneric—a flirt not yet 
established beyond doubt, according to the author—and 
should, furthermore, his above proposal be accepted and 
incorporated in the Rules, then, lie suggests, the genus 
“should bo cited for type reference as Metasequoia Hn 
and Cheng, non Miki." However, such n way of citing 
has alwnyH implied, and obviously still implies, that Hu 
and Cheng (the nuthors of the living Mrtasequoia) , on 
the one hand, and Miki (the creator of the genus Meta¬ 
sequoia, based on a fossil species), on the other, applied 
the same name to two different genera, whereas in the 
present; ense the species to which both authors apply this 
generic name are congeneric, according to Sehopf '« own 
premise. Thus, the same nnme means also the sumo 
thing. It would seem that no hotter re duetto ad ab- 
surrfum could bn thought of for Dr. Scliopf ’s proposal. 

Otto Haas 

Department of Geology and Paleontology, 

American Museum of Natural History , New York City 

The Human Engineering Seminar 
at New York University 

Readers of Science are likely to be interested in learn¬ 
ing about a pioneering effort in the cross fertilization of 
ideas from many scientific fields which is currently being 
made in the College of Engineering, New York Univer¬ 
sity. The present Seminar in Human Engineering, which 
is a continuation of a more informul series of sessions 
hold during the spring of 1948, is sponsored jointly by 
the College of Engineering and the Institute of Industrial 
Medicine of tho College of Medicine. 

Human engineering, as conceived by the seminar par¬ 
ticipants, is a rapidly expanding branch of applied sci¬ 
ence which is concerned with the general problems of tlic 
interactions of men and machines. The emerging science 
of human engineering, which others have referred to as 
biomechanics, biotechnology, and psychophysical systems 
research, draws hcavity upou tho experimentLil techniques 
and data of engineering, the biological sciences, the medi¬ 
cal sciences, psychology, and certain of the social sciences, 
notably anthropology, all of which are concerned with the 
conditions under which man works and the factors asso¬ 
ciated with optimal performance with machines. 

Sessions of the Human Engineering Seminar have at¬ 
tracted representatives from virtually all of the the pro- 

1 Analogy with neotypes for species whose original type 
has been lost or destroyed would not be Justified, even If the 
situation were similar, which It Is not; for the types of 
species are physical specimens, hut those of genorn ftn . 
species, which are mental concepts. 


fissions whose mutual interests find expression in the 
seminar. Each session, although devoted to a consid¬ 
eration of n limited segment of tho field of human en¬ 
gineering, has proved useful to various professionals in 
attendance in suggesting ways in which tho data and 
principles from another science can be applied to the 
study and evaluation of problems in their urea. Among 
those attending the meetings there has developed a deep 
eued appreciation for the cross-disciplinary approach 
which characterizes the papers presented, and tliJH appre¬ 
ciation is grounded in the experience of learning to think 
within the framework of an often alien point of view. 

As a result, of a number of seminar sessions, the major 
problems and issues of human engineering have begun to 
emerge and to clarify themselves, and there is a growing 
acceptance among participants of tlic need to fashion 
jpractical working procedures lor tho team approach to 
tho resolution of pressing research problems from many 
sciences which find concrete expression in this field. 

To indicate the trend of thinking among seminar mem¬ 
bers, it is useful to glance at the broad areas which have 
been considered. Arthur Loffnrd, of the College of En¬ 
gineering, presented a psychological approach to 1 ‘ The 
Present Status of Fatigue," in which there wan a serious 
effort to understand problems of fatigue with In the con 
text of motivation as a psychological process. “An 
Over-All View of Personality for the Human Engineer¬ 
ing 11 sought, to advance the notion that in human engi 
nooring research man litis for too long been considered 
either a machine or machine-like, and that it is time now 
to concern ourselves with the attitudes, motivations, and 
other personality characteristics and processes of men in 
relation to tho design and operation of machines. 

The session on “Environmental Factors in Human 
Engineering," led by Norton Nelson, of the College of 
Medicine, New York University, sought to present facts 
and principles from physiology which have a direct 
bearing upon human engineering research inquiries. Al¬ 
though devoted to certain selected problems in the ther¬ 
modynamics of human behavior, the presentation sug 
gested clearly the broad values of tho physiological 
approach to human engineering. Matthow Luckiesh, of 
the General Electric Lighting Research Laboratory, in 
his paper, “The Human Seeing Machine/’ sought to 
make clear the enormous number of problems confront¬ 
ing the illumination engineer in a consideration of even 
the simplest human engineering inquiry in the area of 
illumination. 

Other papers on “The Present Status of Principles of 
Motion Economy' 1 and “Anthropometric Data in the 
Design and Operation of Machines and Equipment’ 1 
highlight other interests of seminar members. These 
and other papers presented before the Human Engineer¬ 
ing Senfinar have been Informally published as “Contri¬ 
butions to Human Engineering" and are already finding 
use in the work of those who ally themselves and their 
research with the human engineering point of view which 
the Seminar has sought so earnestly to develop. 

Lawrence Edwin Abt 
College of Engineering , New Fork University 
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In Memoriam 


Richard Chace Tolman 

1861-1948 

Richard Chace Tolman, professor of physical chem¬ 
istry and mathematical physics at the California In¬ 
stitute of Technology and dean of the Institute's Grad¬ 
uate School from 1934 to 1946, died September 5, 
1948, in Huntington Memorial Hospital, Pasadena, at 
the age of 67 years, from pneumonia following a 
stroke which he had suffered on August 14. For more 
than a qu&rter-ocntury one of the great leaders in the 
intellectual life of the California Institute, for more 
than n decade at different times scientific agent or 
adviser to the Government in critical problems, Dr. 
Tolman was, through the comprehensive versatility of 
his mind, not merely an expert student of relativity, 
thermodynamics, and other equally abstruse fields, 
but a theoretician of the structure of the universe 
the breadth end acumen of whose concepts had led 
to his being numbered among the world's greatest 
cosmologists. 

He was born in West Newton, Massachusetts, March 
4, 1881, and took his D.S. degree in chemical engineer¬ 
ing from the Massachusetts Institute of Technology in 
1903. The following year he spent in Germany, part 
nt the Technische Hochschule at Charlottenburg, Ber¬ 
lin, and part in an industrial chemistry laboratory nt 
Crcfeld. Returning for graduate study at the Massa¬ 
chusetts institution, he served as research associate in 
theoretical chemistry fbr two years and in physical 
chemistry for two years thereafter, receiving the doc¬ 
torate in 19J0. After service in chemistry on the 
faculties of the Universities of Michigan, Cincinnati, 
and California (Berkeley), he was called to a profes¬ 
sorship of physical chemistry at the University of 
Illinois in 1916. 

During the first World War as chief of the Dis- 
persoid Section of the Chemical Warfare Service, and 
after the war as associate director and director of the 
War Department’s Fixed Nitrogen Research Labo¬ 
ratory, Dr. Tolrnan made his first participation in 
scientific affairs for the Government in time of emer¬ 
gency. Of marked importance in its own right, this 
was significant foreshadowing of the still greater 
contributions which he was to make years later in 
even more urgent circumstances. 

From his War Department responsibilities Dr. Tol¬ 
man went to the faculty of the California Institute 
of Technology in 1922, where for nearly two decades 


he was to have uninterrupted opportunity for the 
studies which brought him world prominence in sci¬ 
ence and for important and creative work in clari¬ 
fying the interrelations between physics and chem¬ 
istry, contributing thus to the breaking down of 
compartmentalization and to the consolidating of 
knowledge. Completing at the California Institute 
the elegant solution of the problem of experimentally 
measuring the inertia or mass of the electron which 
he had begun at Berkeley, he went on to a wide 
range of work in statistical mechanics, relativistic 
thermodynamics, and cosmology. In all these fields 
his contributions were of fundamental and lasting 
.significance, as is well exemplified by his classic The 
principles of statistical mechanics, which appeared 
in 1938. 

This period of rich productivity was not permitted 
to continue; in June 1940, foreseeing the crisis that 
lay ahead for the United States, Dr. Tolman came to 
Washington to offer his services to his country. For 
the next six years he was to have a primary responsi¬ 
bility in the joined efforts of science, industry, and 
the militaiy which were essential to, and successful 
in, preserving the free way of life. He served as 
vice-chairman of the National Defense Research 
Committee from its inception and had special cog¬ 
nizance of problems of armor and ordnance. He 
played a very important role in the early inspiration 
that led to development of the proximity'fuse and of 
rockets. Throughout the arduous and complex under¬ 
takings which led to the development of atomic bombs, 
his knowledge and acumen were of the first order of 
importance. Not only did he serve as scientific ad¬ 
viser to Gen. Groves from the establishment of the 
Manhattan District and as U. S. adviser to the war¬ 
time Combined Policy Committee, but once the bombs 
resulting therefrom had put an end to the war, he be¬ 
came chief technical adviser to Mr. Baruch, U. S. 
representative to the United Nations Atomic Energy 
Commission, in its endeavors to develop sound means 
for control of the weapon and development of the 
peaceful uses of atomic energy. In these exacting as¬ 
signments he was in the highest sense a scientist- 
statesman. The U. 6. Medal for Merit and the rank 
of honorary Officer of the Order of the British Empire 
came to him in recognition of that fact. 

Of profound scholarship and unsparing intellectual 
rigor, Richard Tolman was, in addition, a man of 
great wisdom and personal kindliness. Outstanding as 
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was his ability in research, it was more than equaled 
by his skill in teaching, and that, as always, was owed 
to wisdom and kindliness. In his own being he com¬ 
bined the ethical insight and scientific intelligence on 
which, taken together, he based his faith, declared at 
Brown University in 1947, “that the control of evil is 
possible. I am sure,” he said in that address, “that 
humanity will continue to encounter great troubles, 


but I do not think that civilization will destroy itself. 
To surmount our troubles, we shall need courage, and 
patience, and clarity of thought, and sincerity in the 
advocacy of fair and reasonable courses of action. 
For these virtues we may pray, each in his own 
fashion.” 

Yannbvar Bush 

Carnegie Institution of Washington 


Book Reviews 


Cancer, I, H^r^dUe, hormones, substances cancerigenes. J- 

Maisin. Paris: Castermau, Tournai-Paria, 1948. Pp. 

248. 84 fr, 

la the Introduction the author states that he has 
written this book for intellectuals not specialized in the 
cancer problem, although he hopes that the physician and 
even the cancerologiat may draw some benefit from read¬ 
ing it. This statement alone suffices to explain the high 
qualities of t.ho book. For if an intellectual from a 
field writes for another intellectual from another field, 
he will, naturally, maintain his subject on a plane high 
enough while avoiding tedious detail and an excess of 
technicalities. On the other hand, since he can roly on 
the receptiveness of mind of his reader and his general 
background, he will try to go to the essence of the facts 
and the biological problems therein involved. By doing 
so, these prohlems detach themselves from the strict 
branch of science from which they have emerged and be¬ 
come universal biological problems. Dr. Mamin has 
fully succeoded in making himself understood by another 
intellectual, and his hope of capturing the interest of the 
specialist has been fulfilled. 

Whatever should be known of the work done on cancer 
in order to understand future developments is succinctly 
given in the first pages of the book togethor with pertinent 
historical data. The author then goes into a complete 
survey of tho three main subjects of this volume: the 
relation of cancer to, first, heredity; second, hormones; 
and third, certain chemical substances called carcinogens. 
This he does brilliantly. 

We are all aware of the appalling number of significant 
contributions to these subjects during the last 20 years. 
All of them are reviewed by the author, and the refer¬ 
ences are appended in an orderly fashion. The author 
does not list these coldly, leaving to the reader the task 
of drawing his own conclusions on the basis of the raw 
material displayed. The reader is constantly helped in 
this task by the author, who selects the facts, ubbs the 
right adjectives to qualify them, and often gives hil own 
opinions on the problems, to many of which the School of 
Louvain has actively contributed. 

One notes in the book the predominance of American 
literature, especially during the last 8 or 10 yean. In¬ 
teresting contributions from Europe have appeared, how¬ 


e\er, even during the war, and those from France and 
Belgium are not generally known among American can- 
corn legists. Inclusion of these still further enhances the 
value of the book. 

In Heveral ways Maisin's book reminds one of that 
written by Charles Oberliug and published in 1942. TMb 
bouk, which was translated into English, has been avidly 
read and has hud a decided influence on many minds. 
The same should be done with Maisin*s book following 
publication of the second volume. 

F. Duran-Reynals 

Fafc University School of Medicine 

Outline! of physical chemistry. Farrington Daniels. 

New York: John Wiley; London: Chapman & Hall, 

1948. Pp. viii + 713. (Illustrated). $5.00. 

As Prof. Daniels states in his preface, Outlines of 
physical chemistry is to be regarded as the first edition 
of a now book. The high standards set by Getman and 
by Getman and Daniels in their previous well-known and 
widely used texts on physical chemistry have been main¬ 
tained, but progress in research in physical chemistry 
required a rewriting rather than merely a revision. 

Tho author's point of view is perhaps best presented 
by quoting a statement from the introductory chapter: 

‘ 1 Usually science progresses by inductive reasoning from 
a few facts, follows with deductive reasoning based on 
the hypotheses, and, finally, tests by experimental meas¬ 
urements designed to prove or disprove the theoretical 
deduction. Many hypotheses are destined to be discarded 
when new facts and more precise data are obtained, but 
they fulfil a very necessary function in the development 
of science. A successful hypothesis is not necessarily a 
permanent hypothesis, but it is one which stimulates 
additional research, opens up new fields, or explains and 
coordinates previously unrelated facts. The scientist 
nooda imagination In creating new hypotheses, but he 
needs also* ingenuity and skill in devising experiments to 
test them and critical judgment in evaluating the re¬ 
sults. 1 ' 

The general field of physical chemistry is covered quite 
completely, and it seems pointless to list the titles of the 
chapters. It should, however, be mentioned that In a& 
dition to the traditional topics, excellent chapters on 
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colloida, quantum theory, photochemistry, and nucleonics 
are included. Emphasis is placed on the structure of 
matter, and not until this fundamental groundwork has 
been treated is the student exposed to the more abstract 
thermodynamic development of the subject. Practically 
all the necessary mathematical derivations are given in 
detnil in the text; only a few are relegated to nn appen¬ 
dix for the ambitious student. The annoying tendency 
of many writers to overwork the phrases “it can be 
shown” and “obviously” does not appear. 

One of the best features of this text, from the pedngogi 
cal point of view, is the liheral use of numerical examples 
and problems. Furthermore, these are not hypothetical 
cases which fail to give the student any contact with 
reality, but are mainly based on actual data from the 
literature. It is the sort of training which will best pre¬ 
pare the student for research work later. These problems 
cover the whole range of practical work from calculation 
of atomic weights from gas densities to determination of 
the rate of transmutation in an atomic pile. Another 
commendable feature of the book is the bibliography: 
references to up-to-date literature are givon, and, in ad¬ 
dition, each chapter concludes with a series of cross- 
references to other books for supplementary reading. It 
Is a pleasure to recommend Outline of physical chemistry, 
and Prof. Daniels is to he congratulated for a fine piece 
of work. 

Raymond M. Fuose 

Yale University 

North American fre*i (exclusive of Mexico and tropical 

United States). Richard J. Preston, Jr. Ames, la.: 

Iowa State College Press, 1948. Pp. It+ 371. (Illus¬ 
trated.) |4.00. 

Setting as his triple target the nontechnical public, 
students, and scientists, the author should be credited with 
a near miss. For the nontechnical public and for be¬ 
ginning students of dendrology, this compilation of illus¬ 
trations and almost telegraphic descriptions of the im¬ 
portant troes of the United States and Canada should 
prove very helpful. Certainly, it will save the time of 
those who, in the past, have had to consult five or six 
important works for various geographic regions. But 
the scientist will wish to digest for himself the author¬ 
itative source material which the author has assimilated 
but failed to cite in any list of references in this volume. 

Eleven pages, packed full of technical terminology and 
diagrams, are devoted to a nontechnical explanation of 
the ‘'Natural Relationship of Trees“ and to descriptions 
of th® “Forest Regions of Norih America" and “Tree 
Characters. v Had the frontispiece map been slightly 
modified to coincide with the groupings of the forest 
regions in the text, this subject of regions and forest 
types would have been even more useful. 

The Keys to the Genera— the keys to the species of the 
genera among the gymnosperms and to those of the genera 
among the angiosperms—will, with the liberal use of the 
9-page glossary, prove very useful indeed. However, the 
chief value of the book would seem to lie In the compact 
presentation of drawings of foliage, twig, bud, fruit, and 


seed characteristics in a form convenient to take into the 
field fur direct comparison. The small distribution maps 
are also helpful. 

The volume is recommended to those who nr® frequently 
plagued with the question: “What's that tree!" 

M. A. Hijberman 

Food and Agricultural Organisation of the 
United Nations, Washington , I), C. 


Scientific Rook Register 

Coijrant, R., and Friedrichs, K. O. Supersonic flow and 
shock waves . New York-Loudon: Interscience, 1948. 
Pp. xvi 4 464. (Illustrated.) $7.00. 

Harrison, George R., Lord, Richard C,, and Loor- 
boijrow, John R. Practical spectroscopy. New York: 
Prentice-Hall, 1948. Pp. xiv + 605. (Illustrated.) 
$6.65. 

Mayer, Claudius F. (Ed.) Index-catalogue of the li¬ 
brary of the Surgeon General's office, United States 
Army (Army Medical Library). (Fourth Herics, Vol. 
X, M-Mez.) Washington, D. C.: Superintendent of 
Documents, U. S. Govt. Printing Office, 1948. Pp. iv + 
994. $4.25 (cloth), 

Pollard, Ernest C., and Bturtkvant, Julian M. Micro- 
waves and radar electronics. New York: John Wiley; 
London: Chapman & Hall, 1948. Pp. vii + 426. (Illus¬ 
trated.) $5.00. 

Sctimidt, Alois X., and Marlies, Charles A. Prin¬ 
ciples of high-polymer theory and practice. New York- 
London: McGraw-Hill, 1948. Tp. xii+ 743. (Illus¬ 
trated.) $7.50. 

Sewell, R. B. Seymour. The free-swimming planktonic 
Copcpoda; geographical distribution. (The John Mur¬ 
ray Expedition, 1933-34; Sci- Rep., Vol. VIII, No. 3,) 
London: British Museum (Natural History), 1948. 
Pp. 318-592. (Illustrated.) 35/-. 

Smith, Austin, and Herrick, Arthur D. (Eds.) Drug 
research and development. New York: Revere, 1948. 
I J p. xi 4 596. $10.00. 


(Continued from page 10.) 

agreement of our findings with the predicted theory 
of the ultrastructure of the chromosome, The unit 
particles observed by us were associated with indi¬ 
vidual chromonemata. Although the particles varied 
in shape and size from one band to another, they had a 
uniform character in any one band. Their size range 
and density make them comparable with virus and 
bacteriophage particles. They are identifiable with 
the substance of chromomeres well known to the light 
microscopist. There is no doubt but that this is 
nucleoprotein. In view of these conclusions, it Beems 
reasonable to believe that the discrete particles we 
have seen are genes. 
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NEWS 
and Notes 

Marshall Brucer, assistant profes¬ 
sor of physiology at the University of 
Texas School of Medicine, has been 
selected to direct the cancer research 
program of the Oak Ridge Institute 
of Nuclear Studies. In his new posi¬ 
tion as chairman of tlio Medical Divi¬ 
sion Dr. Brucer will direct a long- 
raiigo program devoted to the study 
of the treatment of cancer and other 
malignant, diseases, together with the 
training of medical and research per¬ 
sonnel in new techniques. 

Manton Taylor Bogert, professor 
emeritus of organic chemistry, Colum¬ 
bia University, and consultant and ad¬ 
viser to Evans Research and Develop¬ 
ment Corporation of New York City, 
has been appointed Charles Frederick 
Chandler lecturer and medalist at Co¬ 
lumbia for tho current academic year. 

Frank W. Schaller, formerly asso¬ 
ciate professor of agronomy at West 
Virginia University, became research 
associate professor at Iowa State Col¬ 
lege on January 1. 

Leonard F, Kellogg joined the 
Iowa State College faculty as profes¬ 
sor of forestry January 1. He has 
been silviculturist at the Central 
States Forest Experiment Station, as¬ 
signed to the College. 

Ira A. Gould, professor of dairy 
manufacturing at the University of 
Maryland, has been appointed chair¬ 
man of the Department of Dairy 
Technology at Ohio State University, 
effective February 1. 

Henry W. Meyer ding, professor 
of orthopedic surgery at the Mayo 
Clinic and president-elect of the U. S. 
Chapter of the International College 
of Surgeons, recently returned from 
Europe. While abroad he presided at 
the Fourth Congress of the Interna¬ 
tional Society of Orthopedic Surgery 
and Traumatology in Amsterdam and 
also took part in the program. Later 
he gave the opening address at the 


Congress of the Czechoslovak Society 
of Orthopedic Surgery and Trauma¬ 
tology in Prague and was made an 
honorary member of that Society. He 
then attended meetings of the French 
Society of Orthopedic Surgery and 
Traumatology and the French Society 
of Surgery in Paris, where he was 
made an honorary member of the latter 
Society. Honorary membership in the 
Netherlands Orthopedic Associntion 
was also extended to him at a con¬ 
gress held in Amsterdam this year. 

John W. Gowen has been named 
head of the Genetics Department at 
Iowa State College. Dr. Gowen, as¬ 
sociated with Iowa State since 1937, 
succeeds E. W. Lindatrom, who died 
November 8. 

O. Hobart Mowrer, research pro¬ 
fessor of psychology in the University 
of Illinois Graduate College, was re¬ 
cently appointed to the newly created 
post of director of the Psychological 
Clinic. 

Edwin J. Cohn, chairman of the 
Department of Physical Chemistry, 
Harvard Medical School, has been 
chosen to deliver the Julius Stieglitz 
Memorial Lecture for 1949 at the 
forthcoming meeting of the Chicago 
Section of the American Chemical 
Society in the University of Chicago 
Kent Chemical Laboratory on Friday, 
January 14, at 8 I\M. Dr. Cohn will 
speak on 1 ‘ Interactions of Proteins 
With Each Other, With Cells, and 
With Smaller Molecular Components 
of Biological Systems. 11 

Walter J. Peterson became head 
of the Chemistry Department, North 
Carolina State College, on January 1. 
Dr. Peterson, former head of the Nu¬ 
trition Section of the Animal Hus¬ 
bandry Department, succeeds Arthur 
J. Wilson, who died November H. 

Warren Ambrose, Norman Levin¬ 
son, and Henry Wellman, of the 
Mathematics Department, Massachu¬ 
setts Institute of Technology, are at 
present on leave of absence,' Prof. 
Ambrose, who is at the Institute for 
Advanced Study, and Prof. Levinson, 
who is at the University of Copen¬ 
hagen, are both working under Gug¬ 
genheim fellowships; Prof. Wall man, 
meanwhile, is acting as visiting profes¬ 


sor of telctechnics at the Chalmers 
Institute of Technology In Gothen¬ 
burg, Sweden. 

W. D. Cairns, professor emeritus 
nf mathematics at Oberlin College, 
is serving as part-time lecturer in 
mathematics at the California Insti¬ 
tute of Technology for the present 
academic year. 

Emil Witschi, who is on leave from 
the Department of Zoology, State Uni¬ 
versity of Iowa, and is at present work¬ 
ing at the University of Tubingen, 
has been made an honorary member of 
the Soci£t£ d'Endocrinologie de Paris. 

Visitors to U. S. 

B. R. Seth, of Hindu College, Dolhi, 
India, will bo serving as visiting pro¬ 
fessor of applied mathematics at Iowa 
State College during the current year 
and will give courses in elasticity and 
hydrodynamics in the winter and 
spring quarters. 

W. H. J. Fuchs, of the University 
of Liverpool, is serving as visiting 
associate professor of mathematics at 
Cornell University for the current aca¬ 
demic year. 

Awards 

The John Scott Award, estab¬ 
lished by the Scotch chemist of the 
same name who died in 1816, to be 
awarded to “ ingenious men and wo¬ 
men who make useful inventions,' ’ 
was conferred December 15, at Girard 
College, Philadelphia, on Merle A. 
Tuve, director of the Department of 
Terrestrial Magnetism, Carnegie In¬ 
stitution of Washington. Dr, Tuve 
was named to receive the award for 
his outstanding contribution to the 
development of the proximity fuse 
during World War II. Former re¬ 
cipients of the award, which ib usually 
in the amount of $1,000, include 
Madame Curie, Thomas Edison, Gug- 
lielmo Marconi, Loo DeForest, and 
Irving Langmuir. 

Carl S. Miner, founder and director 
of the Miner Laboratories, Chicago, 
has been awarded the 1049 Perkin 
Medal of the American Section, So¬ 
ciety of Chemical Industry, for the 
work of his laboratory In developing 
the furfural industry. Furfural, a 
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chemical derivative of oat hulls and 
other agricultural wastes, is widely 
used in the manufacture of plastics. 
Mr. Miner will receive the Medal 
January 7 at a dinner at the Hotel 
Commodore, New York, jointly spon¬ 
sored by the Society of Chemical In¬ 
dustry, the New York Section of the 
American Chemical Society, the Ameri¬ 
can Institute of Chemical Engineers, 
and the Electrochemical Society. HiB 
address, as tho 43rd medallist, will be 
' 1 Science vs. Starvation . 19 

W. L. Waterhouse, University of 
Sydney, has been awarded the 1949 
Medal of the Federal Council of the 
Australian Institute of Agricultural 
Science for his service to Australian 
agriculture during the past 10 years. 

Fellowships 

The RCA Predoctoral Fellowships 
In Electronics are designed to give 
special graduate training and experi¬ 
ence to young men and women who 
have demonstrated marked ability in 
the general field of electronics, either 
as a branch of electrical engineering or 
as a part of tho general field of 
physics, 

A Fellow must be a citizen of the 
United States who has demonstrated 
ability and aptitude for advanced work 
and who has training in electronics 
equivalent to that represented by one 
year hnyoml the bachelor's degree in 
a university of recognized merit in this 
field. 

Fellowships will be awarded at a 
regular meeting of the RCA Fellow¬ 
ship Hoard to be held in March 1940. 
To receive consideration for tenure 
during tJio academic year 1049-150, ap¬ 
plications inuBt be filed on or before 
February f, 1949. Unless otherwise 
arranged, tenure will begin in Septem¬ 
ber 1949, 

The National Foundation for In¬ 
fantile Paralysis, 120 Broadway, New 
York City 5, has announced the avail¬ 
ability of a limited number of post¬ 
graduate fellowships in several fields. 
These include: (1) research fellow¬ 
ships, to be awarded in virology, or¬ 
thopedic surgery, pediatrics, epidemiol¬ 
ogy, and neurology, which are intended 
to emphasize advanced training in the. 
basic sciences as they apply to the 
particular specialty and to research, 


and experience in research not neces¬ 
sarily related to poliomyelitis; (2) 
clinical fellowships, which are avail¬ 
able to physicians who wish to prepare 
for eligibility for certification by the 
American Board of Physical Medicine; 
and (3) fellowships, which are avail¬ 
able to physicians for one year of post¬ 
graduate study leading to a Master of 
Public Health degree at a school of 
public health approved by the Ameri¬ 
can Public Health Association. 

Application and requests for fur¬ 
ther information may be made to the 
National Foundation at any time dur¬ 
ing the year. Awards are based on 
the individual needs of each applicant. 

A project for the study of the 
fundamental principles of flame- 
proofing has been established in the 
Department of Chemical Engineering, 
Columbia University, New York, 
jointly by the Textile Section of the 
Quartermaster Corps and the Office of 
Naval Research, During World War 
II a similar war research project, un¬ 
der the sponsorship of the Quarter¬ 
master Corps, was maintained at 
Columbia for a study of improved 
methods for flameprooflng and, as a 
result of some of the work of the 
earlier project, it has been decided to 
make a more thorough investigation of 
the various mechanisms whereby cer¬ 
tain fire-retardant chemicals prevent 
the combustion of cellulose and other 
types of textile fibers. 

Two positions ns research assistants 
are available in the Department of 
Chemical Engineering under this proj¬ 
ect. These will permit credit for the 
researches under the project to be 
acceptable for the requirements of the 
Ph.D. degree. The research assistant- 
ships, which are open to qualified ap¬ 
plicants who possess a Master's degree 
in chemical engineering or chemistry, 
carry a salary of $200 per month for 
a 40-hour week. This would permit 
part-time course study in conjunction 
with the work of the project in order 
to meet the course requirements for 
the Ph.D, degree. Applicants In¬ 
terested in appointment as research 
assistants under the project should 
communicate with Prof. James M. 
Church, of the Department of Chemical 
Engineering, who is in charge of the 
project, stating fully their qualifica¬ 
tions as to training and experience. 


Colleges and Universities 

The M. W. Welch and R. E. 
Welch Science Teachers Workshop 
at Purdue University will be dedicated 
in ceremonies to be held in the Physics 
Building J anuary B. Earl Lark- 
Horovitz, head of the Physics Depart¬ 
ment, will introduce C, H. Robertson, 
of the physics staff, who will speak on 
‘ * The Experiment in the Toacher 
Training Program .' 9 Following a 
dinner in the Purdue Memorial Union, 
Louis M. Stark, manager of the School 
Service department of Westinghouse 
Electric Corporation, will give an ad¬ 
dress entitled * 1 The Enrichment of 
Science Instruction." 

Carnegie Institute of Technology 

has announced the reopening of a 
$4,000,000 campus building and reno¬ 
vation program. A $1,000,000 wing 
will be built onto Engineering Hall, 
and over $1,000,000 will be spent on 
a power plant and a steam and elec¬ 
tricity distribution system. In addi¬ 
tion, there will be extensive revamp¬ 
ing and renovation of available space 
in existing buildings of tho Colleges 
of Engineering and Science, Fine 
Arts, and Margaret Morrison Carnegie 
College. In announcing the program, 
President Doherty stated that not a 
single building had been added to the 
campus Bince completion of the origi¬ 
nal plant in the early 1900s. 

Meetings and Elections 

A Conference on High-Frequency 
Measurements will be held January 
10-12 in Washington, D. C. f under the 
joint sponsorship of the American In¬ 
stitute of Electrical Engineers, the 
Institute of Radio Engineers, and the 
National Bureau of Standards. In ad-^ 
dition to tours of the Naval Research' 
Laboratory, the Naval Ordnance 
Laboratory, and the National Bu¬ 
reau of Standards, the program wULJn|, 
elude four technical sessions—JP mSE- 
urement of Frequency"; "Measure¬ 
ment of Power and Attenuation"; 
"Measurement of Impedance"; and 
* ‘ Measurement of Noise, Antenna 
Measurements." The auditorium of 
the Department of Interior has been 
made available for these meetings. 
Those planning to attend the Marions 
must register Monday morning, Janu¬ 
ary 10, at the Roger Smith Hotel, head- 
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quartern for the conference. Chairman 
of Local Arrangements is Harold 
Lyons, National Bureau of Standards, 
Washington D. C. 

The American Society of General 
Physiologists is holding its next 
regional meeting on February 5 at 
New York University, Washington 
Square, under the auspices of the 
Biology Department of the Graduate 
School. The main speakers will be 
Keith Porter and Parker Vanamee, 
fiobert Chambers, Harold Blum, Eric 
Ponder, Curt Staru and Alexander 
Sanflow, and Arthur J. Kahn, and all 
the papers will deal with cell structure 
arid function. 

A Symposium on Molecular Struc¬ 
ture and Spectroscopy will be held 
at the Mendenhall Laboratory of Phys¬ 
ics, Ohio State University, June 13 
through June 17, 1949. The interpre¬ 
tation of molecular spectroscopic date 
as Wfcll as methods foT obtaining such 
data will be discussed, and there will 
also be sessions devoted to those phases 
of spectroscopy of current interest. A 
dormitory will be available for those 
who wish to reside on the campus dur¬ 
ing the meeting. Further informa¬ 
tion and copies of the program when 
they become available may be obtained 
by writing to Prof. Hnrnld H, Niel¬ 
sen, Mendenhall Laboratory of Phys¬ 
ics, Ohio State University, Columbus 
10, Ohio. 

At the 286th anniversary meeting 
of the Royal Society, held November 
30, the following officers and members 
of the Council wore elected for the 
ensuing year: Sir Bobert Robinson, 
president; Sir Thomas Merton, treas¬ 
urer; Sir Edward Salisbury and D. 
Brunt, secretaries; E. D. Adrian, 
foreign secretary; J. D. Bernal, G. 
R. Cameron, Sir James Chadwick, S. 
Chapman, H. Davenport) Sir Frank 
Engledow, W. E. Garner, A. C. Hardy, 
C. H. Kellawny, G. F. Marrian, Sir 
William Stanier, H. G. Thornton, C. 
E. Tilleyi A. E. Trueman, and S. 
Zuckerman, members of the Council. 
Sir Ahfred'Egeituii, having completed 
10 years as physical secretary, is 
succeeded by D. Brunt. 

A Symposium on the Quantum 
Requirement in Photosynthesis was 
held December 18 on the University 
of Illinois campns. Oswald Tippo, 


chairman of the Department of Bot¬ 
any, reports that the participants in¬ 
cluded Farrington Daniels, of the 
Department of Chemistry, University 
of Wisconsin; J. F. Stauffer, of Wis¬ 
consin ’s Department of Botany; Otto 
H. Warburg, director of the Kaiser 
Wilhelm Institute of Coll Physiology, 
Berlin, and now visiting professor at 
Illinois; It. Rioke, Department of 
Physics, Purdue University; Barry 
Commoner, Department of Botany, 
Washington University, St. Louis; 
Martin Kamen, Institute of Radiology, 
Washington University; C. S. French, 
director, Carnegie Institution Labora¬ 
tory of Biology, Stanford, California; 
Allan H. Brown and A. W. Frenkel, 
Department of Botany, University of 
Minnesota; Hans Gnffron, Department 
of Chemistry, University of Chicago; 
and Robert Emerson, Eugene Rabino- 
witch, and Victor Schocken, of the 
Photosynthesis Project, Department of 
Botany, University of Illinois. This 
symposium was arranged to discuss the 
discrepancies which hnvo boon reported 
in the quantum requirement of photo¬ 
synthesis. According to Dr. Tippo, 
Dr. Warburg has found that 4 quanta 
are required, while Prof. Emerson and 
other American workers find that 10- 
12 quanta are required. 

The symposium was followed by a 
series of critical experiments per¬ 
formed by Drs. Warburg and Emerson 
during the Christmas holidays. Dean 
Burke, National Cancer Institute, 
Rethesda, Maryland, and J. Z. Hearon, 
Department of Physiology, University 
of Chicago, were invited to the campus 
as scientific observers. 

The Technical and Scientific Book 
Publishers Group of the American 

Book Publishers Council, Inc„ at an 
informal mooting in New York City 
on December 1, unanimously re-elected 
the following officers: Francis M. 
Turner, Reinhold Publishing Corpora¬ 
tion, chairmfin; Mounts Dekker, In¬ 
terscience Publishers, Inc., vice-chair¬ 
man; and Ralph L. Newing, Interna¬ 
tional Textbook Company, secretary. 

NRC News 

Th* needs of the American Type 
Culture Collection is the subject of a 
study being made by a Committee of 
the National Research Council. The 
ATCC maintains pare 11 type ’ ’ cultures 


of many microorganisms and furnishes 
these to laboratories, hospitals, univer¬ 
sities, and industries. With a limited 
income inadequate for its maintenance 
at the present time, the ATCC has 
been faced with the prospect of dis¬ 
continuing or greatly restricting Its 
functions and services. The new NRC 
Committee will attempt to develop a 
long-range plan for tha support of 
the Collection on a permanent basis. 
The membership of the Committee is 
as follows: Henry Welch, chairman; 
Robert D. Coghill, George W. Irving, 
Kenneth B. Baper, Roger D. Reid, 
Waldo L. Schmitt, Joseph Smadel, Na¬ 
than R. Smith, and Norman H. Top- 
ping. 

Meanwhile, there is urgent need for 
support of the ATCC for the year 
1949 from organizations and individ¬ 
uals who are aware of the necessity of 
pure type cultures in tho standardiza¬ 
tion of products, in research, and in 
teaching. Contributions to the ATCC 
may bo sent to the National Research 
Council, National Academy of Sciences 
Building, 2101 Constitution Avenue, 
N. W., Washington 26, I). C., for use 
at the direction of the NRC Committee. 

Deaths 

Carl V. Woodbury, 71, professor 
and head of the Physics Department. 
Norwich University, died Decomber 13 
in Northfield, Vermont. A Norwich 
faculty member for nearly 60 years, 
Dr. Woodbury had at ono time also 
served as acting president. 

Victor Kurh, 06, professor of phi¬ 
losophy at the University of Copen¬ 
hagen, died December 15 in Copen¬ 
hagen, Denmark. 

John Franklin Daniel, 3rd, 38, pro¬ 
fessor of practical archaeology at the 
University of Pennsylvania and editor- 
in-chief of the American Journal of 
Archaeology, died of a heart attack 
December 17 at Ankara, Turkey. 

Philip S. Wlnnek, 40, head of the 
Chemotherapeutic Research Depart¬ 
ment of the Maltine Company) Morris 
Plains, died in Morristown Memorial 
Hospital, Morristown, New Jersey, on 
December 18. As a former research 
chemist for the American Cyanamid 
Company, Dr. Winnek played a large 
part in developing the drugs sulfa¬ 
diazine and sulfaguanidine. 
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Hugh Scott Cumming, 79, retired 
Surgeon General of the U. S. Public 
Health Service, died Decomber 20 in 
Washington, D. C. Of the more than 
40 years that Dr. Cumming was as¬ 
sociated with public health work, he 
served as Surgeon General for 16 and 
directed the Service’s growth from a 
comparatively unknown section of the 
Treasury Department to a bureau em¬ 
ploying ovbt 1,000 physicians. Re¬ 
cipient of many foreign honors, Dr. 
Cumming had also served as president 
of the Pan-American Sanitary Bureau. 

Frank M. Huntoon, 67, author and 
former bacteriologist at the Cornell 
University Medical College, died De¬ 
cember 21 in Syracuse, New York. 


The American Museum of Natural 

History has just announced the re¬ 
turn of the first major American 
expedition to remote Cape York Pen¬ 
insula in Australia. This 1948 Arch¬ 
bold Cape York Expedition was 
sponsored by Richard Arehbold, re¬ 
search associate of the Museum. 
Extensive and significant collections 
of mammals, plants, reptiles, and in¬ 
sects were made during the 7 months 
spent in the field. Among the 1,500 
mammal specimens representing more 
than 50 species are biznrro spiny ant- 
eaters, unusual 11 flying mice, 1 * and 
a specimen of the elusive Beunet’s 
tree-climbing kangaroo. Also included 
in the collections are 11,600 specimens 
of plants which are believed to be 
the first representative collection of 
plants of far northern Australia ever 
brought to this country. 

A new scientific journal, aimed to 
provide southeastern engineers and 
scientists with their own medium for 
attacking common problems and re¬ 
cording research results, is to appear 
in January. Recording technological 
progress in 11 southeastern states, The 
Journal of Southeastern Research will 
be edited by H. McKinley Conway, Jr., 
according to the announcements from 
the Southeastern Research Institute, 
Inc., Atlanta, Georgia. Serving on 
the Advisory Board will be Dean O. 
V. Adams, Texas Technological Col¬ 
lege; Luis H. Bartlett, director, En¬ 
gineering Experiment Station, Louisi¬ 
ana State University; J. W. Beams, 
chairman, Physics Department, Uni¬ 


versity of Virginia; Dean George W. 
Branigan, University of Arkansas; J. 
H. Coulliette, diroctor, Industrial Re¬ 
search Institute, University of Chat¬ 
tanooga; Dean Paul M. Gross, Duke 
University; Albert H. Holland, Jr., 
director of research and medicine, Oak 
Ridge National Laboratory; Dean 
Roger P, McCutchoon, Tulane Uni¬ 
versity; E. B. Norris,-director, Engi¬ 
neering Experiment Station, Virginia 
Polytechnic Institute; J. Stanton 
Pierce, head, Chemistry Department, 
University of Richmond; Wm. G. Pol¬ 
lard, director, Oak Ridge Instituto for 
Nuclear Studies; Herman M. Roth, 
chief, Physics Research Division, Oak 
Ridge National Laboratory; Walter 
M. Scott, director, U. S. Department 
of Agriculture Southern Regional Re¬ 
search Laboratory; and Wm. G. Van 
Note, director, Engineering Experi¬ 
ment Station, North Carolina State 
College. 

A history of the development of 
radar, prepared by the Office of Scien¬ 
tific Research and Development, undor 
the direction of Henry E. Guerlac, 
now of Cornell University, is avail¬ 
able to the public, according to a 
recent announcement by John C. Green, 
director of the Office of Technical 
Services, Department of Commerce. 
The 1,300-pago History of radar in 
four parts may be inspected at the 
Library of Congress, Government Pub¬ 
lication Room, and photostatic or 
microfilm copies may be obtained from 
the Library. The four parts, with 
prices for photostatic and microfilm 
copies, respectively, are: PB 93618, 
$53.75, $9.00; PB 03610, $55.00, $9.00; 
PB 93020, $43.75, $9.00; and PB 
63621, $13.75, $4.50. 

Establishment of a radioisotope 

unit has juBt been authorised by the 
Veterans Administration at the VA 
Hospital in Nashville, Tennessee. Re¬ 
search work planned at Nashville will 
be directed toward developing im¬ 
proved methods for clinical diagnosis 
and medical treatment of veteran- 
patients. Radiophosphorus, -sodium, 
-iron, and -iodine ifill be used initially 
in the work. George R. Meneely, as¬ 
sistant chief of medical services at the 
Hospital, who has had wide experience 
with the use of radioisotopes, will 
direct the work of the unit, 


Brook haven National Laboratory 

has announced the availability of re¬ 
ports on the Symposium on Radioiodine 
(BNL-C-5), held July 26-30, 1048, 
and the Conference on the Chemical 
Effects of Nuclear Transformations 
(BNL-C-7), held August 19-20, at 
prices of $1.50 and $.25, respectively. 
Checks or money orders should bo made 
payable to Brookhaven National Lab¬ 
oratory, and requests should be di¬ 
rected to the Information Group, In¬ 
formation and Publications Division 
of the Laboratory, Upton, Now York. 

Correction : In 11 Radiocardiogra¬ 
phy: A New Method for Studying the 
Blood Flow Through the Chambers of 
the Heart in Human Beings,” by My¬ 
ron Prinzmetal, et al. (Science, Sep¬ 
tember 24, p. 340), credit for the 
design and construction of apparatus 
should have been given Dr. Burton F. 
Miller instead of Dr. Robert Miller 
(footnote 2). 

Make Plans for— 

American Physical Society, Divi¬ 
sion of High-Polymer Physics, Janu¬ 
ary 27-29, Columbia University, New 
York City. 

5th Annual Conference on Protein 
Metabolism, January 28-29, Rutgers 
University, New Brunswick, New 
Jersey. 

California MoBquito Control Asso¬ 
ciation, joint conference with Ameri¬ 
can Mosquito Control Association, 
February 6-B, Claremont Hotol, Oak¬ 
land, California. 

Recently Received— 

Nutritional Observatory. Published 
quarterly and distributed gratis by 
the H. J. Heinz Company, Pitts¬ 
burgh 30, Pennsylvania. 

The calcium requirement of adults. 
(Borden’s Review of Nutrition Re¬ 
search, Vol. IX, No. 9, November 
1948.) * 

Dyelines and Bylines. An informal 
pamphlet published monthly by the 
American Cyonamid Company. 
Annual report of the Public Health 
Research Institute of the City of 
New York, Inc., July 1, 1947-June 
30, 1948. 

Monsanto Magazine, December 1948. 
Published by Monsanto Chemical 
Company, St. Louis, Missouri. 
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Social Responsibility 

George Brock Chisholm, 

Director-General, World Health Organization 

I F KURT LEWIN HAD DONE NOTHING ELSE 
during his too short lifetime but provide the 
amount of inspiration he did for the psycho¬ 
logical study of socinl issues, his should be judged a 
highly successful life. Add to that all his influence 
toward sanity, and the infer.tiousness of his maturity, 
understanding, and generous tolerance of human 
frailties, und we clearly draw the picture of a man, 
truly h lender in terms appropriate to his time. Kurt 
Lewin was on explorer and pioneer in fields ns beset 
wiLh pitfalls for the unwary or ill equipped ns ever 
were polar seas or tropical jungles. The reluctance 
of all of us human beings to know ourselves, the ag¬ 
gressions released by nny attempt to help us to know 
ourselves truly, the antagonisms with which we defend 
our imbedded original premises, no matter how demon¬ 
strably fallacious they may be, are well known to nil of 
us who have learned the lessons of the last half-century 
of pioneering work in these areas. Still, however, and 
probably for a long time to come, these human reac¬ 
tions are the great barriers to human progress in those 
very directions which arc of the greatest importance 
to the whole race. In this area of human evolution 
there ig still great need for unselfish devotion, for dedi¬ 
cation to high principles, and even sometimes for n 
degree of martyrdom. 

Kurt Lewin and his co-workers in the United States 
and in England have begun a process which should 
eventually contribute greatly to bringing the light of 
objectivity into the whole field of human relations. 

Up until recently, through many generations of 
development, scientific progress has been almost en¬ 
tirely confined to those fields which would contribute 
directly to commercial or military advantage in a 
world functioning on the principle of competitive 

At meeting! jof the American FiycKdogiuI Association, 
held in Boston in September 194B, the Society for the Psy¬ 
chological Study of Social Issues conferi jd on Dr. Chisholm 
its firtt annuel Kurt Lewin Memorial Award. The recipi¬ 
ent at that time delivered this Kurt Lewin Memorial Lec¬ 
ture. In introducing the speaker and conferring tha 
award, Donald W. MacKinnon, of the Department of Psy¬ 
chology, University of California, stated that the SPSSI 
had established the award M to 'commemorate one who in 
his researches and In his professional activities exemplified 
the highest goals of the Society, end to encourage, through 
■ recognition of their outstanding contributions, those 
who, like Kurt Lewin, in their work develop and integrate 
psychological research and social action.” At the time 
of his death in February 1947, Dr. Lewin was director of 
the Researfk Center for Group Dynamics at the Massa¬ 
chusetts Institute of Technology. 


survival. Only in the last few years has it become 
clear to the people in all countries who are capable of 
thinking independently of the hysteria of the media 
of mass communication that this old method of com¬ 
petitive survival has become synonymous with racial 
suicide. Under the pressure of Ihe “anxiety engen¬ 
dered by this awareness the physical scientists have 
begun to show signs of developing some social respon¬ 
sibility, and the human scientists, some evidences of 
concern about the immediacy and importance of world 
problems of human relations Hnd interhuman com¬ 
munication. The recent International Congress on 
Mental Health with its main theme of study, “Mental 
Health and World Citizenship,” has been n most en¬ 
couraging sign of this awakening concern. More than 
5,000 people—psychologists, psychiatrists, social an¬ 
thropologists, sociologists, educators, and others—par¬ 
ticipated actively in the preparation for that congress, 
many of them over periods of a year or more. There 
is no mistaking the urgency of the call which awakened 
this significant response and brought together in Lon¬ 
don more than 2,000 people from 54 countries to hear 
each other’s ideas and share their experiences. 

These are some of the signs of a changing orienta¬ 
tion of science. In the past, science in its purer forms 
1ms been content to add to the sum of human knowl¬ 
edge; in its Jess disinterested preoccupations it has 
added to the wealth of those who already were in a 
financial position to subsidize scientific research—theo¬ 
retically, all to the ultimate advantage of the human 
race. Only recently have scientists themselves begun 
to recognize that any increase of knowledge does not 
at all necessarily work to the advantage of the human 
race and to be willing, though reluctantly, to accept 
some responsibility for what is done with the knowl¬ 
edge they uncover. However, other agencies, civil or 
military, are not generally by any means ready to 
admjt scientists to these sacred areas where business 
and politics worship the old gods of profit, prestige, 
and power. Generally, they are not yet ready to see 
that the exclusion of scientific attitudes from the field 
of human relations, while employing the full strength 
of scientific method in the material fields, may well 
destroy the human race in th« not distant future. In 
spite of this natural reluctance to admit continuing 
failure and to call for help, and the inevitable defen¬ 
sive disparaging of the scientific attitude at policy 
levels, it becomes increasingly clear that the designing, 
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building, and operating of modern civilization requires 
techniques different from those of n generation ago. 
The builder of a prairie schooner is not qunlified by 
his experience to design or build ft turbojet aeroplane, 
nor could any of his contemporaries fly it. Many of 
our sociopolitical methods are reminiscent of the 
prairie schooner and pony express days, though the 
scientists have UBhered in an era of instantaneous 
world communication, and potential world destruction. 

To change the metaphor—our civilization, like a 
great ship, driven by the enormous power of its sci¬ 
entific development, is rushing on into treacherous and 
unreliably charted seas, The equipment of our pilots 
is far short of the best available. Their principles, 
their instruments, and even their charts are commonly 
inherited from previous generations and founded on 
folklore, superstition, faiths inculcated in childhood, 
prejudice, or even, much worse, on local political ad¬ 
vantage. It is a fact that in other fields of govern¬ 
mental responsibility the best available experts are 
invariably employed to design, construct, and operate, 
whether it be a dam, a ship, an airplane, agricultural 
production, atomic bombs, n financial or accounting 
system, or anything else, except in the field of hu¬ 
man relations. There, any kind of person may be 
used. Commonly lawyers are given these responsi¬ 
bilities; their training is in rules and precedent, one 
of the worst possible technical trainings for this work. 
Sometimes soldiers are taken from Ihcir normal busi¬ 
ness to be put in charge of our relations with other 
peoples; their training is in strategical and tactical 
maneuvering to gain predetermined ends at the ex¬ 
pense of on enemy. The whole military training pre¬ 
supposes an opponent and teaches how to circumvent 
and defeat him, not how to cooperate with other kinds 
of people who are often as difficult and as sure they 
are right as we are ourselves. Clenrly, military train¬ 
ing is also one of the worst possible for this work. 
Business men trained to make profits or old-time dip¬ 
lomats trained in gentlemanly behavior and the classics 
arc also obviously inadequate to the needs of inter- 
human relations on a world scale. It is true that a 
certain number of economists and sociologists in re¬ 
cent years have been given some work to do in the 
international field, but usually only as technicians or 
secretariats, to carry out the orders of governing 
bodies, and rarely on national and intergovernmental 
policy levels. Also, the training of sociologists and 
economists tends to concern itself almost exclusively 
with the study of human institutions and their func¬ 
tioning, not the study of human beings and their inter¬ 
relationships. 

The situation is illustrated by a glance at the posi¬ 
tion in just one of the agencies of the United Nations. 


For instance, while the Constitution of the World 
Health Organization defines health as "a state of com¬ 
plete physical, mentnl, and social well-being and not 
merely the absence of disease or infirmity” and states 
that '‘the healthy development of the child is of basic 
importance” and "the ability to live harmoniously in 
a changing total environment is essential to such de¬ 
velopment,” at the First World Health Assembly, at¬ 
tended by representatives of some 08 nations, of which 
55 are full members, so far as I have been able to find 
out there were no psychologists, no social anthropolo¬ 
gists, and only one neuropsychiatrist included in na¬ 
tional delegations totaling about 250. The one neuro- 
psychiatrist was on the delegation of the Ukrainian 
Soviet Socialist Republic. No other government felt 
the need of any technical information or advice in the 
field of mental health or human relations. This is n 
highly significant and important fact. 

Of course, it is not to be taken for granted that nny 
particular type of technical training now being given 
at any university would be useful specifically in this 
enormously important field of interhuman relations. 
The curricula in political science courses seem to be 
woefully inadequate to these responsibilities, as do 
those in psychology, psychintry, or sociology. 

It appears that the idea that the field of interhumnn 
relations should be a major area for man's study and 
endeavor is not yet sufficiently accepted for nny uni¬ 
versity to have developed a teaching course to train 
this type of expert. It may well be asked whether 
such a course could be given and whether there are 
people capable of teaching it. It is clear that some¬ 
thing is known of the subject; social psychologists, 
social anthropologists, and psychiatrists have been 
working in that area, at least to some extent, for many 
years. It does appear, however, that their experi¬ 
ences have not properly been brought together into 
teachable form. Here is a job of the greatest possible 
urgency. It is to be hoped that enough demand will 
arise, from enough places, to insure that the World 
Federation for Mental Health and the World Health 
Organization will quickly undertake developmental 
work of this kind. The Society for the Psychological 
Study of Social Issues could perform most valuable 
services in stimulating and helping to guide such de¬ 
velopments. 

It may well be claimed that all that is needed is the 
universal application of the ancient injunction to 
"love thy neighbor as thyself,” which derives from 
Ihe deep gregarious instinct of man and has been pro¬ 
mulgated by most of the great religions. In practice 
such love has commonly been restricted, according to 
a locally acceptable definition of "neighbor," to the 
other members of the tribe or the color, racial, re- 
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ligious, or political group. The requirements for 
maturity and world citizenship may he called the 
Christian virtues, the Buddhist virtues, the Hindu 
virtues, the Mohammedan virtues, or the Confucian 
virtues, or may be ascribed to many other religions 
with about equal validity. They could even be culled 
the “psychological virtues." 

The catch in this old and widely supported injunc¬ 
tion, "love thy neighbor as thyself,” is in the last two 
words. The uncomfortable fact is that very few 
people indeed can love themselves in a healthy natural 
way which tolerantly accepts all their own human 
urges as normal and inevitable aspects of the health¬ 
ily functioning man or woman. Most of us, by being 
civilized too early or too forcibly, have been driven 
to believe that nur natural human urges arc "bad,” 
"not nice,” "wicked," "sinful," or whatever the local 
equivalent may be. This is the dreadfully damaging 
concept of "original sin," which really only states that 
babies are not horn civilized according to the local 
customs of the natives. In this latter form the state¬ 
ment is, of course, true and quite harmless, as long as 
it is understood by the child that he is not supposed 
to have been bom civilized and, by permission of all 
legal systems, may take plenty of time about reaching 
that exalted state. Unfortunately, this is not under¬ 
stood by most children; they have been convicted of 
sin, believe they are "bad," and consequently deeply 
despise, distrust, and even hate themselves. The 
anxieLy engendered motivates the projection of these 
feelings of despising, distrust, und hate on to other 
people, the neighbors, though usually distinguishable 
from oneself by some recognizable difference of race, 
color, creed, economic status, and politics. 

The consequent aggressive feelings against such 
people arc experienced as virtuous. It appears' that 
a system which imposes an early belief in one’s own 
sinfulness, or unacccptability in one’s natural state, 
with its consequent inferiority feelings and anxiety, 
must be harmful to interhuman relationships and to 
the ability of the human race to survive in the kind 
of world this has become. 

Unfortunately, the concept of "sin" is, under one 
name or another, very firmly entrenched throughout 
much of the world. Later in life the feelings which 
go with this childhood condemnation commonly arc 
attached to thinking or other activities which would 
be disapproved by prevailing authority. Instead of 
“bad," one may be reproached with the terms "com¬ 
munist," “reactionary," "Nazi," "nigger-lover," or any 
of many other epithets. They all signify disapproval 
and are supposed to produce feelings of guilt and 
ahame. This method of control has been used by all 
authoritarian systems throughout history to discour¬ 
age any attempts to change or develop local concepts 


or customs. This whole method of control should be 
exposed and combatted by all scientific or mature 
people. 

Let us look briefly at some of the immediate require¬ 
ments that are not so obvious that no further research 
is needed to identify them. Much reliable work of 
recent years has indicated clearly that successful hu¬ 
man relations start in infancy. We ail know that 
babies need—not just want, but need—completely 
uncritical love, love whose manifestations are quite 
independent of the babies* behavior. In this situa¬ 
tion only can the most desirable feelings of being 
wanted and loved and of "belonging" arise. It is 
also well known that this "belonging" feeling, in a 
successful developmental process, should spread grad¬ 
ually to include family, friends, and fellow citizens, 
and that in the little world this has become, it can no 
longer safely stop at national boundaries as it reason¬ 
ably satisfactorily could until just recently. 

Now the world must have, and soon, large numbers 
of people in every country who have gTown emotion¬ 
ally beyond national- boundaries and are sufficiently 
mature to be capable of being "world citizens." Up 
until now very few people indeed in any country have 
really developed emotionally even to a truly national 
degree of maturity. Such development to a national 
level requires an equal degree of concern for the wel¬ 
fare of all the kinds of people within the nation, ir¬ 
respective of color, racial origin, religion, education, 
social or economic group, or even political party. 
Few people have reached even this stage of develop¬ 
ment, and yet only through this stage is it possible to 
develop to a degree of maturity in which there is a 
"belonging" feeling in relation to all peoples and an 
equal concern for the welfare of all of them. Very 
few such people have been developed, but it is clear 
that they are the prototype of what the world must 
have, in large numbers, before there can be any rea¬ 
sonable degree of assurance that the human race will 
survive for even another generation. 

How can the development of this "belonging” feel¬ 
ing be ensured for as many as possible of the children 
now beginning their lives? It is already clear that 
they must experience unquestioning and uncritical 
love, and that they must be free of a "conviction of 
sin." What else must they have and against what 
else must they be protected ? What are the needs of 
the growing child of school age, of the adolescent, of 
the young adult, which need to be met by the com¬ 
munity in order that the best possible opportunity to 
reach real maturity may be ensured? 

Next, the responsibility of meeting these needs miiBt 
be broken down and allocated to the appropriate ele¬ 
ments of the community. What do mothers^ to be 
successful mothers, need to know about these matters, 
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and how should they apply their knowledge? What 
about fathers? What training should they have for 
their job? Who should provide the training for 
mothers and fathers, and when? An answer to this 
laBt question is easy: training of mothers and fathers 
ideally should begin when they themselves are chil¬ 
dren, but clearly we cannot wait for another two gen¬ 
erations. This job must be got at at every possible 
point of contact. Margaret Mead recently stated that 
even grand parents enn still learn. Many of them cer¬ 
tainly can if they receive a little help and are given a 
chance to recognize their responsibilities. 

What do school teachers need of this type of knowl¬ 
edge, and who is responsible for seeing that they get 
it? What are the responsibilities of town and city 
councils, of other local authorities, and of state, pro¬ 
vincial, or federal governments, and how are local and 
national institutions to be made aware of these re¬ 
sponsibilities and induced to accept them? What 
kinds of people are needed locally on boards of edu¬ 
cation or school boards? What should their quali¬ 
fications be? What do members of city councils need 
to know about the development of children so they 
may carry their share of this responsibility? Is it 
conceivable that it could be generally enough accepted 
that members of parliaments and congressmen—even 
senators -need a certain amount of knowledge in this 
most important held of their responsibilities to the 
citizens who elect them? What should be the quali¬ 
fications of legislators to be able so to direct the afTuirs 
of a country, particu’arly in relation to other coun¬ 
tries, that the citizens whose lives are in their hands 
may feel some assurance that they know what they 
are doing and are working for the good of all the 
people in the world, the only basis on which it is 
reasonable to hope that the human race and our own 
children may survive? 

Here are a few of the questions that need to be 
answered, not by individual research reported in tech¬ 
nical language to scientific societies, but by coopera¬ 
tive work evenLually reported in nontechnical lan¬ 
guage to the people of the world through their com¬ 
mon channels of communication, the United Nations 
and its Specialized Agencies. Much of this has al¬ 
ready been lie gun. The statement by the Interna¬ 
tional Preparatory Commission for the International 
Congress on Mental Health is a notab’e contribution 
to these problems. Another significant move has been 
made by UNESCO's project on Intergroup Tensions, 
from which has come recently a very valuable report. 
Of course, these efforts, while tremendously important, 
are only beginnings. One of their groat values is the 
indication they give thut there are at least a few ma¬ 
ture people, capable of cooperation in this most diffi¬ 
cult of all scientific fields, in many countries. 


A few fully mature people, even in the right places, 
are not enough. Even if all the councils of the United 
Nations and of its agencies were composed of such 
people, which they are not, they could still be only 
partly effective. The United Nations and iLs agencies 
are not run by their secretariats. All policies are 
decided by the governing bodies, executive boards, 
councils, etc., all composed of national delegations. 
Even now, many national delegations cannot behave 
in as civilized, mature, and cooperative ways as they 
know they should do and as they would like to do 
because of the certainty that such civilized, mature, 
and cooperative action would not be acceptable to 
their own governments or political chiefs. A national 
delegation cannot misrepresent its own people at 
home. If the majority of the population of a country 
is insular, or prejudiced, or antagonistic against some 
other nation, or aggressive, or just plain ignorant, its 
delegations in the councils of the nations must reflect 
those qualities in order to keep their jobs. 

The United Nations cannot be blamed for the mud¬ 
dles they have nmdc or their failures in human rela¬ 
tions. These muddles and failures are the direct re¬ 
sults of the muddled thinking of the people of the 
nations, of their prejudices, their unreasoned anxieticB 
and hates, and their aggressive pressures. This situ¬ 
ation cannot be cured, nor can it be much improved 
from within the United Nations Organization itself. 
The degree of our own infantility is illustrated by our 
desire to leave these responsibilities to our "father- 
equivalent," the government of our particular country 
or the United Nations. The reform must take place 
wilhin the nations. Nor can such reforms stem from 
the national capitals, from the parliaments and con¬ 
gresses. No one can do this extremely necessary job 
but the people themselves, in the villages, towns, and 
cities of every country. 

There is now only one basic importance in the world, 
the one importance on which the very existence of the 
race depends—the emotional relationship between the 
people of the world. Every political action in every 
country should be taken in the light of that fact. 
Whoever helps to elect anyone to any public office, 
in any country, on any other basis than his ability 
to improve the human relations of the people of the 
world, gambles with his own life and the lives of his 
children against, it may be, his hope of a job or of 
lowered taxes or of the satisfaction he might get in 
being on the winning side in a battle between political 
parties. Any or all of these things, weighed against 
the lives of the hundreds of millions of people the next 
world war, if it comes, will destroy, make a poor bet. 

Our own personal responsibility to our fellow hu¬ 
mans is clear. Whoever is reasonably informed in 
(Continued on page 43 1 column £.) 
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TECHNICAL PAPERS 


Synthesis of Enantiomeric a-Lecithins 1 

Erick Baer and Morris Kites 

Banting and Best Department of Medical Research 
Banting Institute, University of Toronto 

Lecithins containing only saturated fatty acids, known 
as by droleei thins, have been shown to occur in nature 
(J, 4, 6, 7). Although numerous attempts have been 
made to synthesize hydrolecithins, none of these syntheses 
has yielded the desired product. We have recently ac¬ 
complished the synthesis of several pure a-hydrolecithina 
of known spntial arrangement. An a.fl'diglyeeride in its 
D-, L- f or racemic form is phosphorylated with mnno- 
phcnylphosphoryl dichloridc in the presence of pyridine. 
The reaction product, without isolation, is immediately 
esterifled with choline chloride. The diacyl a -glyceryl- 
phenylpliosphorylcholine chloride is isolated and purified 
via the reineeknte. The roinecknte is converted to the 
sulfate and the protective* phenyl group removed by 
catalytic hydrogenolysis. After elimination of the sul¬ 
fate ion the resulting hydrolecithin is isolated and is 
purified by crystallization from n suitable solvent such 
as diisobutyl ketone. 

The following three L-crhydrolecithins have been syn¬ 
thesized by using as starting materials the corresponding 
D-ajp-diglycoridrs, which were prepared according to the 
procedure described by ftowden and FiscliCT (5) : 

L-a-distcnroyl lecithin (DSL) : CuHnoOoNP—Found. C, 
64.6; H, 10.84; N, 1.85; V, 3.81. [a]JJ+6.1° in chloro¬ 

form-methanol 1 ; 1, c 4.2; M n + 49.3°. 

L-a-dipnlmitoy] lecithin (DPL) : C (fl H M O 0 NP— Found. 
C, 63.9; XI, 11.1; N, 1.87; P, 4.13. Talg + fl^ 0 in chloro¬ 
form-methanol 1 : 1, c 4.2; Mj,+ 50.2°. 

L-u-dimyristoyl lecithin (DML) : QmH^ObNT— Found. 
C, 62.0; H, 11.1; N, 1.97; P, 4.43. [a]®+7.0 B ; 

M p + 48.6°. 

The molecular ratio of choline : phosphoric acid : fatty 
acids in the synthetic lecithins was found to be very close 
to 1 : 1 : 2. The three synthetic lecithins, after crystalli- 
zation from diisobutylketone, gave distinct'X-ray diffrac¬ 
tion patterns which establish their crystalline structure. 

The solubilities of the crystalline lecithins in various 
solvents were determined. The following values, while 
not precise, indicate the approximate magnitude of solu¬ 
bility of DSL, DPL, and DML nt 22-23° expressed as 
g/100 ml of solution: dry acetone, 0.01, 0.02, and 0.00, 
respectively; dry ether, 0,02, 0.02, and 0.03; dry ethanol, 
0.8, 1.5, and > 15. In addition, all three lecithins are 

1 Tills work has been mndc possible by grants, at various 
times, from the Ontario HcHBRrcb Commission, the Banting 
Research Foundation, and the Nutrition Foundation, Inc. 


readily soluble both in glacial acetic acid and in chloro¬ 
form at room temperature, as well as in hot diisabutyl 
ketone. 

The synthetic L-a-dipnlmitoyl lecithin waa found to be 
identical with dipulinitoyl lecithin isolated from natural 
sources (Thannhauacr and associates). Thus, the optical 
purity of the synthetic product and the stereochemical 
classification of the natural product are established (L- 
serics). The close similarity of the molecular rotation 
of DPL to those of DSL and DML is a reasonable as¬ 
surance that both DSL and DML have also been obtained 
as pure enantiomers and that the synthesis described is 
one of general application. 

Been use of the peculiar kind of stereochemistry of 
asymmetrically substituted glycerol derivatives an un¬ 
usual situation presents itself: if w r e consider any par¬ 
ticular lecithin ns having been derived from the corre¬ 
sponding diglycpride, it would be assigned to one par¬ 
ticular stereochemical series, whereas if we consider the 
same compound as a derivative of the glycerylphosphoryl- 
eholine moiety, it would bo assigned to the opposite 
stereochemical series. The reason for this unusual situa¬ 
tion is fully discussed elsewhere (£). Confronted with 
the necessity of assigning a stereochemical designation to 
the synthetic lecithins, an arbitrary choice had to be mads 
between the two possibilities mentioned above. Since the 
diglyceridc portion of the molecule varies from lecithin 
to lecithin, it seemed logical to choose as a reference 
compound the glyccrylphosphorylcholjne moiety, because 
it is common to all lecithins, The stereochemical rela¬ 
tionship of the a-glycerylpliosphnrylrliolines to the glycor- 
aldehydes, the final reference com pounds, hns already 
been established (./), 'Jims, liy definition, synthetic and 
natural lecithins containing the L-a glvcerylphosphoryb 
choline belong to the L-series. 

Tlie synthetic procedure described above makes avail¬ 
able for the first time individual lecithins of proven con¬ 
figuration and constitution upon which to conduct syste¬ 
matic zymological and other biochemical and physiolog¬ 
ical studies. 

The experimental details will be reported shortly. 
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Notes on the Life History of a 
Brachylaemid Trematode 

Edwin J. Robinion, Jr. 

York University and 
Cornell University Medical College 

All stages in the life cycle of a brachylaemid trematode 
have been observed in experimental infections. The cer- 
cariae arc produced in branched sporocysts in the diges¬ 
tive gland of Anguixpira alternata ; they emerge from the 
snail and penetrate the same or another individual of A. 
alternata or Polygyra thyroidus , migrate to the pericar- 
diunij but do not encyst. Developmental and sexually ma¬ 
ture stages have been recovered from Pcromyscvs leucopus 
and from the white mouse. Eggs are produced at about 
13 days after ingestion of metacercariae by a white mouse 
and appear in the feces nt about 21 days. 

The adult measures 3.5 x 2.0 mm. The oral sucker is 
500 x 580 ji, and the ventral sucker, 460 x 560 p,. The 
pharynx is muscular; the caeca loop back and forth, 
extend to the posterior end of the body, and have numer¬ 
ous evaginations on both lateral and medial sides. The 
gonads lie close together, forming a triangle in the most 
posterior portion of the worm, with one testis on the left 
side, one In the midlinc and posterior, and the ovary on 
the right. The testes are indented. In a mature worm 
from P. Irucopitx the left testis measures 420x460 p,; the 
posterior one, 400 X 540 The ovary is smooth and 
measures 650 x 550 p,. The genital pore is median, at the 
level of the anterior testis. The vitelluria are lateral, 
follicular and sparse, and extend from the pharynx to the 
ovary. The uterus fills the hody between the caecn from 
the ornl sucker to the anterior testis. Both ascending and 
descending loops are much convoluted; the descending 
loop is conspicuous in the dorsal midline. The main col¬ 
lecting duets of the excretory system are lateral to the 
eaecn, and the bladder empties through a posterior pore. 

The thin-shelled but somewhat yellowish egg measures 
32x18 p. The shell is thicker nt the adopercular end 
than elsewhere. Miracidia are visible in the eggs when 
they are passed by the mice. The larvae do not move, 
but the adoperculnr half appears to be ciliated. 

The sporocyst is much branched and dendritic and rami : 
fios through tho entire liver of the snail. The branching 
of a fragment is irregular, starting from a roughly defined 
main trunk. Each branch, but not the main trunk, is 
divided by constrictions, nnd may end in a filament with 
a terminal knob. All parts of the sporocyst except the 
constrictions aro filled with cercarino in different stages 
of development. Some portions of the sporocyst contain 
but one cercnrin between constrictions; others, from two 
to many. No birth pore has been observed. 

Cercariae washed from tho surface of infected snails 
are about 250 4 long when extended. The tail is a small 
protuberance in a postoroventral position; the caeca are 
broad and extend to the level of tho center of the ventral 
sucker; and a prepharynx and short esophagus are visible 


in a fully extended cercaria. The cuticle bears a few 
widely-scattered, conspicuous projections, possibly sen¬ 
sory, Just posterior to the ventral sucker is a germinal 
mass. The flame cell pattern has not been entirely 
worked out, but there appear to be 5 flame cells in each 
anterior quadrant and 4 in each posterior one. The ves¬ 
icular bladder empties through two ducts leading to pores 
on tho tail. 

The metacercariae are over 1 mm long at maximum 
size, broad, white and somewhat concave ventrally. Tho 
cm era extend to tho posterior end and are looped back 
nnd forth. There is a thick cuticle which, in the living 
worm, is transversely folded and may present ft spinous 
or ncftlo-liko appearance. Throe distinct gonad rudiments 
are present. After three weeks in tho second inter¬ 
mediate host the worms still have the cercarial tail, al¬ 
though they are larger nnd the cfloca have increased in 
length. 

This trematode possibly is identical with tlie mefcfl- 
errearia described by Deidy in 1847 as Dixtoma helicis 
(renamed V, pericardium by Creplin, 1840), and with 
l ). vagans Leidy (1850). The morphological ami taxo¬ 
nomic features will he presented in a later publication. 

Vitamin Bn and Cell Proliferation 

Earl R. Norrii and John J. Majnarich 

Department of Biochemistry 
University of Washington) Seattle 

A crystalline compound has been isolated from urine 
which had a very high activity on cell proliferation in 
vitro and on hemopoiesis in vivo. 

From 100 liters of normal human urine 33 mg of a 
material was obtained as balls of small brown crystals 
which is designated hero as vitamin B J( , although its 
origin and function is probably more that of a hormone 
than a vitamin. On analysis the material was found to 
contain 19.6% nitrogen and 4.0% phosphorus. Sulfur 
was not present. Cobalt was absent, or, if present, there 
was so small a fraction of a per cent that it could not 
bo considered anything but an impurity. 

Rickes, et al, (^), Short) (J), and West ( 7 ) have re¬ 
ported a cobalt-dbntaining compound (vitamin B 12 ) iso¬ 
lated from liver, which had a hematological activity in 
cnBes of addisonian pernicious anemia. Smith (£) de¬ 
scribed a pigment from liver as an antipernicious anemia 
factor which may be identical with vitamin B l2< 

The activity of vitamin B 14 was tested on bone marrow 
cultures by the technique previously described (1). The 
results are given in Table 1. The tabic shows that in 
bone marrow cultures vitamin B l4 is at least 5,000,000 
times as effective as xanthopterin, or 1 x 10 -* y/ml of 
cell suspension gives an increase in tho rate of coll pro¬ 
liferation similar to 5 y/of xanthopterin. Vitamin B u 
was not toxic in concentrations up to 100 y/mh Its 
effect in accelerating cell proliferation is counteracted by 
2-nmino-4-hydroxy-7-methyl pteridine (7MP), which also 
counteracts the effect of xanthopterin. 
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Tim effoct of pterins on cell proliferation in a suspen 
sion of cells of neoplastic tissue is oj>posite to the effect 
on cells of bone marrow suspension or of normal tissue 
( 3). Xanthopterin accelerates proliferation of bone 

TABLE 1 

Effki t of Vitamin llu on Cell run life hat ion in vitro 
IN a Beef Hone Maiukjw SuhpknhIun" 
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10 

4,720 

04 

15 

5y xanthopterin 

10,000 
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8,170 
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33 

fiy 7MP 

2,680 

- 46 

1,6B0 

-42 

5 

1 X 10 «y vlt. Bn 

32,800 
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0,850 
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30 

1 x lO-'V vJt Bn 
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37 
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005 

33,000 

1,080 

50 
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40,200 
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40 
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33,800 

1,070 

03 
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41.500 
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32,400 

1,020 

53 
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By 7MP 

28,100 
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23,800 

760 

40 

1 X 10-*y vlt- Bu 






plus 

lOy 7Mr 

] 5,000 

238 

10,800 
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25 


■ In Itl ill concentration of cells In the suspension : BBC, 
4,B10/inin a I nucleated cells (NC), S.SWO/nun", reticulocytes, 
B/1,000 HBC. Time of Incubation, 7.5 hrs at B7° C. 

TABLE 2 

Effect of Vitamin Bn on Cbi.l Proliferation in vitro 
IN A BUHPKNBION of Hrown Pearce Tumor Cells* 


Hupplement/ml 
of suspension 

Final 

concentration 

(eells/mm*) 

Increase 

In cells 
(%) 

None 

11,200 

20 

By 7MP 

15,000 

08 

lOy 7MP 

17,000 

DO 

Sy xanthopterin 

0,780 

-24 

lOy xanthopterin 

4,000 

—48 

1 x 10-'y vlt. Bu 

7,000 

-11 

1 x 10-«y vlt. Bu 
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-40 

1 X 10“*y vlt Bn 

8,120 

-66 

1 X 10-iy vlt. Bu 

1 x 10"*y vlt. Bu 

1,320 

-85 

plus 

6y 7MF 
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2 

I x 10-*y vlt, Bu 



plus 

11,200 

26 

lOy 7MF 



* Initial concentration 

of suspension : 

8,920 cells/mm 8 . 

Time of Incubation, B hrs 

Rt 37* C. 


marrow cells and inhibits neoplastic cells 

. 7MF inhibits 


bone marrow cell proliferation and accelerates prolifera¬ 
tion of cells of neoplastic tissue. Table 2 shows the 
effect of vitamin B 14 on a coll suspension of Brown 
Pearce rabbit tumor. 

The technique used in culturing the tumor cells was 
the same as that previously described (5). Vitamin B L4 
is about 10)000,000 times as effective as xanthopterin in 


inhibiting cell proliferation in vitro in a suspension of 
tumor cells, or lx IQ- 0 y/ml of vitamin B 14 had about 
the same effect as 10 y/ml of xanthopterin. The effect 
of 1 x 10- 0 v/ml of vitamin B 14 was completely counter¬ 
acted by 10 y/ml of 7MP, or 1 X 10“ fl y/ml of vitamin B 14 
pliiH 10 y/ml of 7MP gave the same rate of proliferation 
it a with no supplement. 

Jn ruts made anemic with sulfathiazole by the pro¬ 
cedure previously described (£), a single injection of 
0.01 y of vitamin H 14 was as effective in alleviating the 
anemia and leukopenia ns a single injection of 1 mg of 
xanthopterin. 
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Action of Enzymes on Vitamin Bh 
and Pteridines 

Earl R, Norris and John J. Majnarich 

Department of Biochemistry 
University of Washington, Seattle 

Tlio activity of xanthopterin and pteroyl derivatives in 
accelerating the rate of cell proliferation in vitro and in 
producing hemopoiesis in anemic rats has been found to 
be greatly increased by the action of certain enzymes. 

Xanthine oxidase was prepared from milk and purified 
by repeated procipitation with ammonium sulfate. The 
enzyme preparation was very active when measured in a 
Thunberg tube with methylene blue, using either xan¬ 
thine or xanthopterin as the substrate. Xanthopterin 
and folic acid (pteroylglutamic acid) were incubated with 
the enzyme, under toluene, at 37“ C with a phosphate 
buffer of pH 7.4. Aliquots were removed at intervals 
for analysis. There was a very marked change in the 
absorption spectrum, which will be reported later. Kale- 
kar, rt al. (1, £) have studied some phases of the action 
of the milk enzyme on xanthopterin. 

The effect on cell proliferation of the products result¬ 
ing from tho enzyme action was measured by the tech¬ 
nique previously described (•?)- Table 1 gives a sum¬ 
mary of typical results obtained. 

The activity of both xanthopterin and folic acid was 
increased by the action of the enzyme, The effect is 
moat-noticeable in the case of folio acid. At zero time 
the number of oells produced iu the incubation of the 
bone marrow culture were the same with folic add pres¬ 
ent as with no supplement. After the action of the 
enzyme the product formed from folic acid very greatly 
increased the rate of proliferation of both BBC nnd 
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nucleated cells (NC), As previously pointed out («?), 
the reticulocyte count is roughly proportional to the rate 
of erythrocyte formation. 

TABLE 1 

EFFECT OB' THU PRODUCTS FOBldED BY THE ACTION OF 
Xanthine Oxidase Fhom Mils on Hate of Cell 
PROLIFERATION IN BONE MaBHOW CULTnnK* 


Supplemeut/ml 
of suspension 

a) 0 

£ a 

a > 

■3 S £ 

£ §§ 

SJ w 

a 

'l 5 

as — 

t 03 

A 9 

£ a 

H 0 

a 8 £ 

£2% 
feu — 

3 

i s 

Of _ 

u 

>5 fc 

8 

So 

u CG 
P4 BS 

None 

10,000 

24 

0,120 

44 

18 

5t 7MP 

4,920 

-47 

2 R 0 

-03 

4 

1 x 10 -Ty vlt. Bii 

17,800 

108 

13,040 

222 

30 

Try xanthopterin 

enzyme—zero time 

16,880 

08 

11,700 

175 

32 

97 xanthopterin 

enzyme—5 dnys 

29,200 

IBS 

21. BOO 

410 

02 

St folic acid 

enzyme—zero time 

10,640 

24 

6,500 

69 

18 

By folic acid 

enzyme—E5 days 

24,300 

180 

18 r BG0 

345 

42 


* Time of bone marrow Incubation, 0 lira; concentration 
of Initial bone marrow suspension: RBC, 8,550/mm" ; NC, 
4,240/mm 1 ; reticulocytes, 11/1,000 RBC. 


TABLB 2 

Effect of the Pboducts Fob mod dt the Action of 
Enzymes from Rat Liver Homogenate on the Rate 
of Cell Proliferation in Bone Marrow Culture* 


Bupplement/ml 
or suspension 

? jj§ 

£ |9 

3 _ 
5* 

sS 

Final 

concentratio 

(NC/mm*) 

S 

i* 

h 

0 

8 

H 

£ O 

as 

Liver homogenate 
(LH)—zero time 

8,680 

01 

5,080 

110 

24 

Liver homogenate 
(LH)—9 hrs, 37 s C 

11,400 

124 

8,400 

223 

32 

By xanthopterin 

plus LIf—zero tlbie 

18,800 

270 

15,100 

480 

34 

67 xanthopterin 
plus LIT—B hrs 

20,400 

300 

10,000 

050 

50 

97 folic acid 

plus LH—zero time 

0,100 

7B 

7,100 

173 

20 

67 folic acid 
plus LII—5 lire 

10,400 

224 

13,400 

455 

42 

67 teropterin 

plus LH—zero time 

0,300 

84 

0,880 

105 

24 

67 teropterin 
pi us LII -5 hrs 

10,200 

21 B 

12,000 

300 

30 


•Tima of bone marrow culture Incubation, B hrs; con¬ 
centration of Initial bone marrow suspension ; BBC, 0,080/ 
mm"; NC, a.ttOO/min" ; reticulocytes, 8/1,000 RBC, 


Liver homogenate contains an oxidizing system which 
will use xanthine or xanthopterin as the substrate in a 
Thunberg tube with methylene blue. Xanthopterin, folic 
acid, and teropterin were incubated with a homogenate 
prepared from rat livers in a Waring blendor. The 
effect upon cell proliferation in bone marrow culture in 
vitro is shown in Table 2. 


Folic acid and teropterin did not produce a greater 
rate of proliferation than the liver homogenate without 
supplement before incubation. After incubation with 
the homogenate the products formed did increase the rate 
of cell production. The inhibiting action of 2-amino-4- 
hydroxy-7-niethyl pteridine (7MP) was not appreciably 
changed by incubation with the liver homogenate. The 
data for 7MP are not included in the table. 

TABLE 3 

Effect or the Products Produced by the Action of 
Enzymes From Rat Gastric Mucosa on the Rate 
of Cell Proliferation in Bone Marrow Culture" 


Supplement/ml 
of suspension 

* 0 
£ 0 
a s 

•2 p O 
a! O m 
a s 2 

S 85 

Increase in 
RBC {%) 

S a 

a 0 

•a 8 
? sSs 

m u w 

Increase In 
NC {%) 

s 

5 u 

* n 

A 

Enzyme only 

(EN)—zero time 

8,460 

22 

0,480 

51 

10 

Enzyme only 
(EN)—72 hrB 

8,300 

20 

0,250 

46 

10 

27 xantbopterln 

plus BN—zero time 

13,240 

91 

D,250 

110 

30 

27 xanthopterin 
plus EN- -72 Urn 

30,500 

430 

14,000 

242 

48 

67 folic acid 

plus EN—zero time 

8,320 

20 

6,050 

43 

10 

67 folic acid 

plus EN—72 hrs 

37,GOO 

440 

16,200 

278 

92 

27 vitamin B« 

plus EN—zero time 

38,000 

4 GO 

18,800 

340 

54 

27 vitamin Bh 
plus EN—72 hrs 

30,200 

400 

17,000 

310 

48 


■Tims of bone marrow Incubation, 5.6 hrs ; concentration 
of Initial bone marrow suspension : RBC, 0,92O/mm B ; NC, 
4,280/mm"reticulocytes, 11/1,000 RBC. 


Gastric mucosa has been associated with hemopoiesis 
and with the intrinsic factor of Castle. The gaBtric 
mucosa of several rats was disintegrated in the Waring 
blendor with phosphate buffer at pH 7.4, centrifuged, and 
filtered. The extract contained an oxidaBe system which 
would use xanthine or xanthopterin as a substrate in the 
Thunberg tube with methylene blue. Xanthopterin, folic 
acid, and vitamin B 14 were incubated under toluene at 
37° C with tho gastric mucosa extract. A few results are 
shown in Table 3. 

The activity of the enzyme preparation without sup¬ 
plement did not change during incubation. Folic acid 
plus the enzyme, when flrat mixed, gave the Bame activity 
or rate of cell proliferation os the enzyme alone. After 
incubation with the enzyme the products from folic acid 
and xanthopterin produced n rate of cell proliferation 
approximately equal to that produced by vitamin B l4 - 
The activity of vitamin B J4 was not altered by incuba¬ 
tion with tho enzyme preparation. 

A single injection of microgram levels of the products 
produced by both milk and stomach mucosa enzymes on 
xanthopterin and on folic acid caused a rapid rise in 
RBC, WBO, and reticulocytes in rats made anemic on a 
purified diet plus sulfathiazole, equivalent to the effect 
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of 1 m/kg of xanthopterin by the technique previously 
described (d). 

The above experiments explain much of the confusion 
and conflicting results that have been obtained in thr 
study of tlie extrinsic and intrinsic faclors of Castle. 
Apparently the extrinsic factor may not be a single sub¬ 
stance, but xanthopterin, folic acid, tcropterin, and po.s 
sibly other ptoroyl derivatives may serve as the extrinsic 
factor. Enzyme systems which wore present and which 
were very sLruiig in the gastric mucosa extract and present 
in the milk xanthine oxidaao preparation aiul the liver 
homogenate, served as the intrinsic factor. Vitamin B 14 
and the products produced by the action of the oxidase 
systems on xanthopterin and folic acid appeared to be 


35 


not identical compounds, although they had similar activ¬ 
ity when measured by the techniques used. The end- 
products of the action of milk, liver, and gustrfc- mucosa 
enzymes on a single substrate may be different. The 
active material from xanthopterin is not leucopterin. The 
chemistry of the various materials is under investigation. 
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A Synthesis of Benzene, Toluene, and 
Benzoic Acid Labeled in the Ring 
With Isotopic Carbon 

Melvin Fields, Morris A. Leafier, and John RohAn 

Chemical Research Laboratory , 

Tracerlab, Inc., Boston, Massachusetts 

The development of an efficient procedure for the syn¬ 
thesis of benzene, toluene, and benzoic acid labclod in the; 
ring with carbon 13 or carbon 14 is of considerable 
interest because of the utility of these aromatic com¬ 
pounds in the preparation of numerous substances of 
importance in organic chemistry, medicine, and biology. 


(lie procedure of Hakami, Evans, and Ourin (d). Prep¬ 
aration of 1 methylcyclohexanol-1 labeled on carbon 1 
was achieved by reaction of carboxyl-labeled othy] acetate 
with the Grignard reagent from pentamethylene dibro¬ 
mide according to the procedure of Grignard and Vig- 
non (1). Dehydrntion of the carbinol with iodine as 
described by Mosher (J) afforded 1-methylcyclohcxene, 
which was converted to toluene by vapor-phase dehydro¬ 
genation over platinized asbestos (6). The benzoic acid, 
prepared by oxidation of toluene with potassium per¬ 
manganate (5), underwent smooth decarboxylation on 
treatment with copper oxide and quinoline. The over¬ 
all yields from barium carbonate varied from 35 to 50% 
for toluene, from 3 to 40% for benzoic acid, and from 
25 to 40% for benzene. 


(OH.) 


/ 

I 

\ 


MgBr 


cn. 


BbO*O b 


CH b —C*OOE t 


MgBr 




While the synthesis of Ci‘-labeled mesitylene (JB) affords 
an intermediate for the preparation of tagged benzene, 
this proceduro suffers from the disadvantages that half 
of the radioactivity is converted to barium carbonate in 
an early step of the synthesis and the over all yield is 
quite low. 

We have found a satisfactory route to toluene and 
benzoic add labeled on carbon 1 of the ring and to 
tagged benzene in the sequence of reactions illustrated 
above. 

The synthesis of carboxyl-labeled ethyl acetate was 
accomplished by carbonation of methyl magnesium iodide 
with isotopic carbon dioxide, followed by reaction of the 
sodium acetate with diethyl sulfate in a modification of 


A particularly attractive feature of this synthesis is 
the production of toluene and benzoic acid singly labeled' 
on a specific position of the ring. Complete details of 
the work will be published elsewhere. 
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A Comparative Study of the Hemoglobin 
and Red Blood Cells of Representative 
Diving and Dabbling Ducks 1 

Perry W. Gilbert and Charles F. Bond 
Department of Zoology, Cornell University 

During the course of an investigation of the adapta¬ 
tions of certain aquatic, birds for underwater progression, 
the blood of a considerable number of diving and dab¬ 
bling ducks was analyzed, and an attempt was made to 
ascertain whether or not the characteristic swimming 
and feeding habits of these two groups of birds may be 
correlated with their hemoglobin concentration and red 
blood cell counts. 

The 27 diving ducks (Bedhead and Greater Scaup) 
used In this study were trapped on Cayuga Lake be¬ 
tween February 20 and March 4, 1946, and the 18 dab- 


Hemoglohin concentrations were measured as acid 
hematin with a Fisher Elec tro-Hemome ter. a The red 
blood cell counts were made in duplicate with a Spencer 
Bright-Line Haemacytometer, and an error of 5% was 
allowed between counts. Color indices served as a check 
on the probable accuracy of these determinations and 
wero calculated according to the formula: 

gm Hb/100 cc individual sample 
gm Hb/100 cc mean value for species 
divided by 

individual BBC count 
mean RBC count for species 
Statistical significances were derived by the methods of 
Snedecor (J). 

Repeated Hb and RBC determinations, at intervals of 
1-3 weeks, were made on the blood of 5 Mallard ducks 
over a 60 day period. These data, together with the 
total body-weight changes, are plotted in Fig. 1. During 
this period the birdH were well fed and housed in an 


TABLE 1 

Hemoglobin Concentrations and Red Blood Cell Counts in Diving and Dabbling Ducks 


Species 

No. 

examined 

Mean Hb* 
(gin/100 cc) 

Range 

Mean RBCt 
(mlllions/miji 8 ) 

Range 

Color 

Index 

range 

Redhead 

10d\ 19 

18.2+0.5 

10 .2-20.fi 

3.30+0.07 

3.00-3.00 

0.87-1.14 

Greater Scaup 

OcT, 7? 

17.8+0.0 

13.0—20.2 

3.08±0.10 

2.42-3.74 

0.78-1.14 

Combined 

diving ducks 

lOd 1 , 8$ 

18.0+0.4 

13.0-20.5 

3.21±0.07 

2.42-3.74 

0.80-1.18 

Mallard 

8 cf, 5? 

18.0+0.0 

13.1-23.5 

3.59±0.12 

2.00-4.00 

0 .00-1.12 

Black 

Id 1 (?) 

17.1) 


3.50 


.... 

Hybrid 

(Black x 

3cf, 1? 

18.1+0.0 

1G.4-19.5 

3.5710,14 

3.21-3.00 

0.09 1.01 

Mallard) 

Combined 

dabbling ducks 

12 d\ 6$ 

1B.0±0.5 

13.1-23.5 

3.5H+0.10 

2,00-4.00 

0 . 00 - 1.11 


* Values of P are all greater than .5 for comparison of Hb between species. 

t Values of P for comparison of RBC counts between species are as follows : Mai lard -Greater Scaup —P less than .01; Mal¬ 
lard-Redhead—P between .1 and .2 ; Greater Scaup-Rcdhearl—P between .OB and .02. 


bling ducks (Black, Mallard, and Black x Mallard hy¬ 
brids), between March 5 and 21, 1948. In all cases 
examinations of the blood were made within 48 hrs after 
trapping. 

Each blood sample of approximately 0.2 cc was drawn 
into an oxalated pipette from the large basilic vein on 
the ventral surface of the elbow. The sample was then 
placed in a vial containing a small hmount of powdered 
heparin. The pipettes for the Hb and RBC determina¬ 
tions were filled from this vial at leisure without danger 
of clotting. Because of the rapidity with which avian 
blood coagulates, this method of taking a blood sample 
was found to be more satisfactory than the usual pro¬ 
cedure of cutting a wing vein and drawing up Into the 
counting pipettes the free-flowing blood. 

1 The writers wish to acknowledge the assistance of Dr. 
Juanita 8. Newcomer in connection with some of the hemo¬ 
globin and red blood cell determinations. Expenses incurred 
during the conns of this Investigation were met in part by 
a grant from the Mrs. Dean Sage Research Fund. 


outdoor cage, and a careful record of their weight was 
kept. With one exception, no appreciable loss of weight 
occurred during this time, and the birds remained in 
good health. 

The analyses revealed 4io significant differences in 
hemoglobin concentration, either between species within 
a group or between the two groups (diving and dabbling 
ducks) investigated. Differences in red blood cell counts 
of the species studied were as follows: (a) Greater 
Scaup had fewer RBG than Mallard (difference signifi¬ 
cant) ; (b) Greater Scaup had fewer RBC than Redhead 
(difference probably significant); (c) Redhead had fewer 
RBC than Mallard (difference not significant). 

Color indices for the species studied, with one or two 
possible exceptions, all fell within the range considered 
normal for human blood (i). 

"In a few birds Hb concentrations were also measured by 
the oxyhemoglobin method, using a Sheard-Sanford photoelec¬ 
trometer, and the values agreed closely with those measured 
as add hematin. 
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Repeated Hb und BBC determinations on the blood 
of 5 Mallard ducks, which at first sampling exhibited a 
considerable range, revealed that those ducks having Hb 
and BBC values at the extreme ends of the range tended 
to npproach, over a 60-day period, the mean for the 
group (see Fig. 1). 


2« 
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5 



2 10 BO 30 30 «o 

DAYS ELAPSED PSOM DAY OF TRAPP INC 

Fin. 1. Changes In Hb, liodj weight, nnd IIBC count, 

In B Mallard ducks over a 60 -day period. 

Tt would therefore appear that, while no significant 
differences exist in the Hb of the ducks studied, con¬ 
siderable variation, even within a group, obtains in the 
BBC count, Thus, the Greater Scaup has about the 
same lib concentration as the Mallard, yet possesses 
significantly fewer red blood cells. On the other hand, 
the Redhead not only possesses a Hb concentration simi¬ 
lar to that of the Mallard, but its BBC count corresponds 
closely also to that of the dabbling ducks. 

The writers started with the initial premise that an 
increased oxygen-carrying capacity of the blood would be 
of adaptive value to the diving ducks, which character¬ 


istically swim long distances under water, and that this 
increased oxygen capacity might be reflected in a higher 
lib concentration and RBO count. Our findings reveal, 
howover, that neither the Hb concentration nor the BBC 
count can be correlated with the locomotor habits of 
these two groups of birds. 
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Liver Damage by Desoxycorticoscerone 1 

E. S. Sinaiko and H. Nechelei 

Department of Gastro-Intestinal Research* 

Medical Research Institute of Michael Reese Hospital, 
Chicago 

In work on experimental production of gall-bladder 
disease we found that all dogs treated with desoxycorti¬ 
costerone acetate” showed pathological changes in the 
liver. 

Seven normal mongrel dogs (4 males nnd 3 females) 
of an average weight of 10-12 kg each received a daily 
intramuscular injection of desoxycort icon to roue acetate, 
5 mg in oil, for 5 days. After a 5 day interval, 25 mg 
of the drug in oil was given intramuscularly to each dog. 
Seven to 10 days later the animals were sacrificed and 
autopaiod immediately. Six of the dogs had 1 % salt 
water to drink, and one had tap water. 

There were 9 control dogs. Five were untrentod, and 
tlio other four (2 males and 2 females) were given the 
peanut oil solvent of tho desoxycorticoslerone intniimis- 
oularly, in the sumo schedule and quantity ns the 7 dogs 
receiving the dosoxycorticosterone in oil. These 4 dogs 
also received 1% saline to drink. Seven to 10 days after 
the last injection of peanut oil those dogs wore sacri¬ 
ficed nnd autopsied immediately. The 0 control dogs 
(untreated or injected with peanut oil) appeared healthy 
and normal. At autopsy, all organs were normal grossly, 
and the animals appeared to be in good nutritional con¬ 
dition. The histologic examination of tho organs of all 
animals reported In this paper was performed by our 
pathologist, Dr. O. Saphir. The organs of the untreated 
control ’dogs, including tho liver, were found to bo his¬ 
tologically normal. In the control animals injected with 
peanut oil and with only salt water to drink the organs 

1 Aided by a grant from the John D. nnd Fannie K. Her* 
Fund. 

'The Department Is In part supported by the Michael 
Heese Research Foundation. 

The advice of Dr. R. Levine, of the Department of Metabo¬ 
lism and Endocrinology, is acknowledged gratefully. 

” Deoxycorticosterone acetate and Its oil solvent were 
furnished through tbe courtesy df Clba Pharmaceutical 
Products, Inc. 
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were normal with the exception of a slight cloudy swell- No. 6: Very severe acute necrosis of the liver with 
ing of the liver in 2 of the 4 dogs. absence of normal architecture. In one section there Is 

The dogs treated with desoxycorticosterone showed no a hyaline, and an organizing thrombus in the portal vein, 

recognizable effects of the injections, except that they No. 7: Fatty degeneration; some cloudy swelling 

appeared to be more excitable than the control dogs. At around tho central veins; no evident necrosis, 

autopsy the animals were found to be in a good state of Other organs were affected less consistently and are 
nutrition. Grossly, the only consistent finding was en- noted in Table 1. Briefly, tho following changes Were 

gorgement of tho livers of tho treated dogs. Microscopic found: cloudy swelling of heart, gall bladder (4), kid- 

findings in the livers of the dogs treated with desoxycor- neys, and adrenal cortex, hyperplasia and edema of 

ticosternne were as follows: lymph nodes, and hyperemia, pigmentation, and myeloid 

No. 1: Marked hyperemia; absence of liver cord cells hyperplasia of the spleen, 
in the central zone; numerous areas of focal necrosis In his extensive work with desoxycorticosterone Selye 
throughout; accumulation of pigment in the Kupffor cellB. (J) does not mention liver changes. Ellinger (1) re- 


TABLE 1 

pATHoj.oG'irAU Findings in Ougans Other Than the Liver 


Dog 

No. 

and 

sax 

Drinking 

water 

Heart 

Kidney 

Adrenal 

Spleen 

Gall 

bladder 

Pancreas 

Lymph 

node 

1, M 

1% Ballue 

Cloudy 

swelling 

0 

Hyperemia 

Murked pigmen¬ 
tation wltU 
hemosiderin 

Serosal edema 
extending Into 
nmnculnrlH 

Hyperemia 

Chronic lymphoid 
hyperplasia with 
pigment ns In 
liver and spleen 

2, M 


0 

Cloudy 

swelling 

Distinct 
cloudy swell¬ 
ing of sona 
glomerulosa 
and fusel- 
culatn 

0 

0 

0 

Same nnd hllus 
edema 

a, m 


0 

Cloudy 

swelling 

0 

Hyperemia and 
pigmentation, 
myeloid meta¬ 
plasia, hyper- 
splenlsm 

0 

0 

0 

4, M 

11 

0 

Cloudy 

swelling 

0 

0 

0 

0 

0 

5, F 

Tap 

water 

0 

0 

0 

Marked pig¬ 
mentation with 
hemosiderin 

Serosal edema 
extending Into 
museularls 

0 

Chronic lymphoid 
hyperplasia with 
pigment as In 
liver and spleen 

e, F 

Saline 

0 

0 

Hyperplasia 
of cortex 

0 

Hyperemia of 
suborn oosa 

Small area 
of necrosis 

0 


7, F Other organs not autopsjed 


No. 2: Marked hyperemia; numerous areas of focal ported that desoxycorticosterone protected mice against 

necrosis and severe fatty degeneration of parenchymal the liver damage following Irradiation with X-rays. We 

cells; recent bile stasis. were able to find only one report in the literature in 

No. 3: Marked hyperemia with foci of recent hemor- which liver damage was associated with treatment with 

rhage; focal necrosis, essentially central throughout, as desoxycorticosterone. Forster, at al. (M) described find- 

in dogs Nos. 1 and 2 ; severe fatty degeneration of cord ings in a boy with adrenal insufficiency who for two 

cells. years received large amounts of desoxycorticosterone plus 

No, 4; Regions of central focal necrosis and severe extra salt in his diet. According to the autopsy report, 

fatty degeneration of the liver cord cells; generalized ** the radiating pattern of the liver cords was lost com- 

hyperemin and fool of recent hemorrhage throughout. pletely. The cytoplasm of the liver cells was diffusely 

No, 5: Massive hyperemia and marked pigmentation reticulated and vacuolated. 11 Microscopic examination 

of the liver cells; numerous areas of periportal fibrosis. of the remaining organs showed no hlstopathologiaa] 

This animal received no salt in its drinking water. changes except in the brain. In order to investigate tin 
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lethal factors in this case, they performed experiments 
in 4 rats, 7 rabbits, and 1 dog. These animals were 
treated with large doses of desoxycorticosterone but 
with no excess salt, the rats for 87 dnyB, the rabbits for 
15-183 days, and the dog for 70 days. The dog re¬ 
ceived 5 mg of desoxycorticostcrono daily by subcutane¬ 
ous route. The microscopic findings in the dog were ns 
follows: foamy hepatic cells with collections, in the portal 
urea of plasma cells, eosinophiles, polymorphonuclear 
leucocytes and phagocytes containing brown pigment. 
Sections of other organs were found to be normal, ex¬ 
cept for moderate degeneration of the renal tubules. 
In 3 rabbitB the livors disclosed a diffuse sprinkling with 
eosinophiles, and In the other 2 rather severe fatty 
changes. The livers of the rats seem to have been 
normal. 

The changes we have observed in dugs resemble more 
nearly those reported in the human by Forster, et al. 
(2) than their findings in the dog and in the rabbits. 
This may be explained by the fact that their patient re¬ 
ceived additional salt wliilo their experimental animals 
did not. In our dog No. 5, which received no additional 
sodium chloride, pathological findings in the liver were 
less pronounced. We feel that the periportal fibrosis 
found in this dog was not caused by the desoxycorti- 
costerone, but that it may have existed before the ex¬ 
periment. 

Thus, pathological changes in the liver were found in 
each of 6 dogs given desoxycorticostorono and sodium 
chloride. The changes in the livers consisted of focal 
and diffuse necrosis (essentially central), fatty degenera¬ 
tion, hyperemia, hemorrhage, and accumulation of pig¬ 
ment. One dog that had received dosoxycorticosterone 
and no salt in his drinking water showed fewer patlio 
logic changes, namely, massive hyperemia and marked 
pigmentation of the liver cells. Control dogs, receiving 
only peanut oil by injection and sodium chloride to drink, 
showed some cloudy swelling or no changes in the liver, 
and untreated dogs showed no pathologic changes in the 
liver. 

It is generally conceded that noninfectious liver ne¬ 
crosis is due to two main factors, nutritional deficien¬ 
cies or toxic substances. We feel that the effects of 
dosoxycorticosterone on the livers of our dogs were of 
n toxic nature, and that the toxic effect was enhanced 
by the additional salt administered. The doses of 
desoxycorticoaterone given to our dogs wore relatively 
large, but the case of Forster, et al. demonstrates that 
overdosage of dosoxycorticosterone can happen in the 
human and can result in severe and fatal consequences. 
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The Use of an Electrolytic Injector 
as a "Compensating Device” 
in Electrophoresis 

P. Johiuon and C. M. Shooter 
Davy Faraday Research Laboratory , 

Royal lnrtttutlon , 21 Albemarle Street, London f W. I 

Some form of compensation device is usually essential 
for experiments requiring migration over path distances 
greater than the actual length of the cell or for at¬ 
tempting electrophoretic separations of proteins. The 
so-called compensation device is an instrument designed 
to produce a very small flow of the bulk of the liquid in 



the Tisclius U tube in the opposite direction to the 
migration of the protein boundary, thus enabling the 
boundary to bo held stationary or even moved in the 
reverse direction. The design of such a device has fol¬ 
lowed chiefly two main principles. First, Tisclius (4) 
obtained the displacement of the bulk liquid by slowly 
dropping a plunger into one of the open electrode vessels 
of his original apparatus. Longsworth and Maclnnes 
(£) later introduced the motor-driven syringe for use 
with the electrophoresis apparatus which had one closed 
electrode vessel. A modification of the first principle 
enabled Svensson (J) to ubo a plunger Instrument in the 
apparatus with both electrode vessels closed. The elec¬ 
trolytic injector to be described here is suited to the 
original apparatus of Tiselius with both electrode limbs 
open,-or to the modification containing one closed elec¬ 
trode vessel. 

The principle of electrolytic injection has been applied 
in many fields (e.g. 1) since it was first described, and 
it remains only to give some indication of one form of the 
apparatus which may he used for compensation in electro¬ 
phoresis. The closed vessel, A (Fig. 1), contains ap- 
N 

proximately H l B0 1 (or any suitable electrolyte solu¬ 
tion) and two platinum electrodes, B (wire of 0.6-mm 
diameter or foil), sealed in glass tubing to provide 
external mercury cup contacts. A capillary tap, C, 
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enables the nozzle and bulb, D, of the injector to be 
filled with the buffer being used in the particular experi¬ 
ment. The whole may be conveniently fitted to the stand 
supporting the Tiselius cell and can therefore, apart 
from the arm entering the actual electrode vessel, be 
completely thormostatted. In this model, buffer solution 



Fig. 2. Movement of n boundary formed between 
a 0.n% solution of ground nut globulin In phosphate— 
NaCl buffer (pH, 7.98; Ionic strength, 0.1 U) nnd the 
annie buffer under the Influence of the compensator 
alone. 


identical with that in the electrode vessels is injected 
into that vessel. However, in a simpler form of the ap¬ 
paratus, in which a glass tube leads directly from the 
base of A to the electrode vessel, the electrolyte solution 



Fiq. 3. Calculated moblllty/compenaator current for 
exact compensation of boundary used to obtain Fig. 2, 
at field strengths from 1,0 to 8.0 v/cm. F = field 
strength. 

in A is expelled into the eloctrode vessel. The former 
arrangement is, in general, preferable. It is not es¬ 
sential that the injector be fitted before an experiment 
commences, since it is found that the disturbance to any 
boundary on gently dipping the nozzle just below the 
surface of the buffor in the eleetrode vessel is negligible. 

The injector may best be calibrated by observing the 
motion of a protein boundary under its influence alone, 
when a graph of the type shown in Fig. 2 is obtained. 


It iB then possible, using the usual relation, 
Mobility (cm. lee-i volt-1) =- velocit r (<™/«bc) 


field strength (v/cm) 1 
to construct (cf. Fig. 3) a series of linear plots of actual 
mobility against compensator current for exact boundary 
compensation at the field strengths more commonly used 
in electrophoresis. Mobility determinations by this 
method are only very approximate, and it is more con¬ 
venient to use the grai>h of Fig. 3 to estimate the com¬ 
pensator current required to hold a boundary nearly 
stationary. The duration of the injector depends solely 
on the volume of the bulb. For example, a short calcu¬ 
lation will show that for on additional path length of 
8.0 cm the total volume must be in excess of 12 cc. Since 
the volume may comfortably ho J00 cc, the electrolytic 
compensator will suffice for the longest experiment. 
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Fin. 4, Hou injury formed lie I ween 0.(1% hnvine 
serum albumin In barbiturate buffer (pH, 8.15 ; ionic 
strength, 0.04) and the same buffer, displaced by the 
compensator. Compensator current, 3 me. 

An important property of the apparatus 1 b the readily 
continuous control of tho compensation afforded by the 
electrolysis. It has been used successfully to migrate 
protein components (of concentration down to 0.2%) 
over equivalent path lengths of 12 cm. At higher com¬ 
pensator currents it has also been used to move the pro¬ 
tein boundaries backward to the center flange of the 
short soction cell and hence to isolate the slowest and 
fastest components in the anode and cathode limbs. 
When the Tiselius cell is being usod (without the elec¬ 
trode vessels) as a diffusion cell, a secondary attachment 
to the framework allows the nozzle of the compensator to 
be brought directly into one limb of the top section of the 
U tube. The boundaries formed in the flanges can then 
be moved smoothly through several centimeters to their 
observation positions (see Fig. 4)—a most important 
factor in diffusion work, 
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Comments and 
Communications 

Natural Vegetation in the Willamette Valley, 
Oregon 

A map of the native vegetation of the United States 
by H, L. Shantz and Rafael Zon (Atlas of American agri¬ 
culture, Pt. I, Sec. E. Washington, D, C.: Government 
Printing Office, 1924) Bhows the Willamette Valley to be 
covered with Douglas fir timber and makes no distinction 
between the vegetation of the valley find that of the hills 
and mountains on either side. In the wall atlas by J. F, 
Unstcad, E. G. R. Taylor, and Geo. Philip, British au¬ 
thors, probably made from records of the Hudson Bay 
Company, on the map of natural vegetation in the United 
States, this valley is Bhown to be a grassland surrounded 
by fir forests. Which map is right, if either is? 

The pioneers found the valley floor largely covered with 
tall grass, much of which was burned during late sum¬ 
mer by Indians during their annual hunts. The follow¬ 
ing quotations arc offered as evidence that neither of the 
two authorities conveys the correct impression of the 
country: 

"Leaving the Columbia to ascend the Willamette . . 
having passed (the falls at Oregon City) by making a 
portage, I commenced ascending a clear . . . channel. 
The banks on either side were bordered with forest trees 
but behind that narrow belt, diversified with prairie, 
tho landscape was magnificent."—Quoted by R. G. 
Thwaites ( Early western travels , Vol. 0, pp. 313-B14) 
from Gabriel Franchere's Narrative, February, 1814. 

David Douglas, in his Journal (November, 1826) 
writes: Along the Langtnbuff (now the Long Tom) 
river—"country open, rich, level, beautiful. . . . We con¬ 
tinued (after crossing the Multnomah, now Willamette) 
our northerly course over an extensive plain intersected 
by narrow belts of wqod and groupB of low oaks. . . * 
At mid-afternoon we came to a small stream flowing 
in a westerly course to the Multnomah, banks thickly 
covered with alder, poplar, ash, and willow. (Probably 
the Calapooia)." 

In 1B40 the missionary, Rev. G. Hines, wrote in his 
Oregon history (p. 95) : "We proceeded southward (from 
Salem) . . . through a country diversified with rising 
grounds, . . . fertile valleys variegated with here and 
there a group of species of red oak and now and then a 
stately fir which had braved the fury of a thousand 
storms. At nightfall we camped on tho Santa Am's Fork 
(Santiam) . . . while the fine timber adorning its banks 
and the extended plains of arable land on each aide hold 
out strong inducements to the immigrant to erect his 
cabin on its fertile shores . 13 

"Quality (now called Tualatin) Plains are distant 
twenty-five miles west from Oregon Oity; they are about 


twenty-five miles in length, are alternately rolling prairie 
and timber, surrounded by heavy growth of flra, many 
of which rise to the height of two hundred and fifty 
feet," says Gen. Joel Palmer in his Journal of 1845- 
40 (Thwaites. Vol. 30, pp. 104—190). "The Shali&lnm 
(now Ohchalom), a small stream, . . . empties into the 
Willamette (from the west) about twenty miles above 
Oregon Oity. It is skirted with good prairios of five or 
six miles in width near the mountains (Coast) : but toward 
its mouth the valley is covered with timber and fern. . . . 
On the Yamhill river . . . there aro firs more or less along 
its whole length. From the water courses, upon an 
average of a little over one-fourth of a mile, the valley 
is fine prairie land, . . . occasionally interspersed with 
fine groves . . . and is well covered with grass as every 
portion of the country that has oaken groves. Between 
the north and south forks of tho Yamhill (west of today's 
Lafayette) and within six miles of their junction, rem¬ 
inences the highlands of the Coast Range; the first 
plateau is about ten miles wide, and well covered with 
grass. The second plateau for a few miles is fern open¬ 
ings, with an occasional grova of timber; after this west¬ 
ward to tho coast the country is heavily timbered with 
firs, pine, and occasionally cedar, hemlock, balsam, etc. 

. . . Upon this (east) bank of the Willamette river ten 
miles south of Oregon City ... is a small stream called 
Pole Alley (now Molalla) which is skirted with beautiful 
prairie bottoms two to eight miles in length and from 
one to two miles wide, . . . alternate with groves of fir. 
Half a mile further south ... the valley up this (Pud¬ 
ding) river to the Cascades (mountains) is alternately 
fine prairie and timber lands, with occasional fern open¬ 
ings. It is finely clothed with grass. . . . Eight miles 
above (the mouth of) Pudding river is a village called 
Butefl (now Butteville). Immediately at this village is a 
fern opening, covered with an undergrowth of hazel for 
three-fourths of a mile back, where it merges into an ex¬ 
tensive and fertile prairie. , . . From the (Methodist) 
mission the road proceeds (southward) up the valley, 
alternately through groves of oak and pine, fern plains, 
and grassy prairies. . . . The (Willamette) valley at this 
place (Salem) is about twenty-five miles wide, . . , there 
are occasional groves of timber interspersing the prairie. 
The Santiam river banks (20 miles south of Salem) are 
covered with fir and white cedar of the best quality. This 
river has four principal branches with several small tribu¬ 
taries, all lined with timber, leaving a strip of beautiful 
prairie land between each two, from one-half to four miles 
in width. , . . After leaving the Santiam (southward), a 
prairie commences, of from four to twelve miles in width, 
which continues up the valley for a day’s travel, I sup¬ 
pose about forty miles. The Willamette valley ... is 
beautifully diversified with timber and prairie., Tbe Wil¬ 
lamette . river itself, throughout its length, 1ms gen¬ 
erally a (border) growth of fir and white, cedar, averag¬ 
ing from one-fourth to three miles in width," 

As demonstrated by numerous descriptions, of which 
the foregoing excerpts aTe typical, the pioneers found the 
Willamette Valley to be a mixed grassland and timber- 
land. There are numerous areas of timber today on land 
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thnt has never been under the plow* Most of them were 
here as larger areas of smaller trees and bushes when the 
first while people came. 

It is well known that soil scientists (Deportment of 
Soils, Oregon State College, in consultation) are able to 
distinguish between forest soils and grassland soils from 
the characteristics imparted to cnch by its former vege¬ 
tative cover. They find hero that most of the Boils on 
relatively high elevations on the valley floor are forest 
soils and that most of those relatively lower and not so 
well drained have not been covered with timber, thus sub¬ 
stantiating the recorded observations of the pioneers. 
Hence, a map of tho natural vegetation of the Willam¬ 
ette Valley should show it as a grassland with a timber 
cover of less than one-half—probably about one-third or 
more—of the area of the valley floor. 

John E. Smith 

S75J Orchard Street , Corvallis, Oregon 

A Tree-Trunk Squeeze-Up in Lava 

A squeeze-up is a lava mass which was forced upward, 
while still of semiliquid consistency, through an opening 
in the hardened surface crust of the flow. Several types 
of squeeze-ups have been reported by Nichols (J. Qeol. f 
1930, 47, 421-425) for the 220-squarc mile basalt flow of 
Recent origin south of Grants, Valencia County, New 
Mexico, which different authors have termed the Grants 
or McCarty’s Lava lied or the Aqua Fria Malpais. 

An apparently undescribed typo of squeeze-up is found 
in the eastern edge of the northwest lobe of this flow near 
the Ice Caves Resort, in Section 20 of tho township which 
includes Paxton Springs. A few yards behind the resort 
headquarters building, near the southeast base of Flag¬ 
pole Cone, are five or six vortical cylindrical holea in the 
lava, the largest IB" in diameter and at least 5' deep, tho 
exact depth being obscured by accumulated rock frag¬ 
ments. Those are popularly known as 11 devil’s smoke¬ 
stacks.’' The tubes were produced by the flow of magma 
around standing tree trunks near the edge of the bed 
where the depth and pressure were relatively limited. 
No organic material remains, but one of the tubes has 
markings Inside which strongly suggest a mold of the 
hark of yellow pine (Pina* ponderosa). Most of the tree 
tubes end flush with the rather smooth surface of the 
pahoehoe lnva, but some show a low, weathered rim 
around the top of the tube, several inches above the gen¬ 
eral surface. The nature of the rim will be clearer from 
the following account. 

One-tenth mile farther north along the flow's edge is 
found the best example of a tree tube, combined with an 
excellent example of a tree-trunk squeeze-up. The cavity 
is HO 7 ' deep to the present bottom. The inside diameter 
of the tube averages 17". A rock chimney readily seen 
from the Ice Caves branch road, projects 23" above the 
horizontal lava surface. The diameter of the tube within 
tho chimney is the some as that below the general surface. 
The thickness of chimney’s wall ranges at different points 
from 7" to 10"; the average is about 8". The inside of 
the chimney is circular in cross section; the outside, of 


subcircular form. Close examination of the vortical wall 
and base of the chimney reveals parallel striations run¬ 
ning vertically on the unweathered surface, which extends 
upward for a maximum distance of 10". Above this 
basal portion, the chimney surface is weathered and ir¬ 
regular, and the broken top indicates that this peculiar 
hollow cylinder of lava once had a greater height. The 
external busnl striations provide proof that the chimney 
originated ns a squeeze-up. As the surface cruBt cooled 
and hardened, its shrinkage, in combination with the char¬ 
ring of the tree trunk’s outer tissues, may have boon suffi¬ 
cient to permit the soft viscous magma beneath to be 
squeezed between the remaining wood and tho hard cir¬ 
cular edge of the eooled crust. Irregularities in the 
latter left their murks formed as vertical striations during 
upward movement of the semiliquid ring. It ib probable 
that for a chimney wall of such thickness to result, an 
Additional factor was necossary—the removal of frag¬ 
ments from tho edges of the crUBt by the pressure from 
beneath, widening the gap between the tree trunk and 
the firm crust. 

Vertical ridges as much as 4 of ajj inch high occur 
sparsely on the inner surface of the tube proper below the 
chimney. These are connected by horizontal ridgeB, in 
lower relief, to form square markings. The latter are 
too regular in size and shape to be interpreted as the 
mold of tree bark. If it were not for a smaller secondary 
system of squares within the major system, there would 
be a superficial resemblance to the distinctive bark of 
alligator juniper ( Juniperu# pachyphloea) which grows 
in the immediate vicinity. The markings strongly sug¬ 
gest tho "boxwork” found on the walls of certain caves, 
but with much lower relief than typical "boxwork. ” No 
explanation for the pseudo-bark markings can be offered. 
The Recent date of the flow, aridity of the climate, 
Assured and permeable character of tho lava, and topog¬ 
raphy make it highly unlikely that' this tube ever filled 
with water up to the level of the markings, 80" from the 
bottom. 

Alton A. Lindsey 

Division of Botany, 

Department of Biological Sciences, 

Purdue University 


Climatic Changes and Dark Nebulae 
In the abstract of Donald H. Menzel’s centennial sym¬ 
posium paper, 41 The Bun and the Earth," (Science, No¬ 
vember 20, p. 500) there is a discussion of the possibility 
of climatic change being due to the passage of the solar 
system through dark nebulae or clouds of dust. The fol¬ 
lowing statement is made: "... there is one other 
possibility to consider—a possibility that has not been 
previously suggested, to my knowledge.” I wonder if 
Huntington and Vlsher did not discuss something similar 
to the above idea of climatic change in their book Ctt- 
matic changes (Tale University Press, 1022, pp. 247-249). 

Waldo 9. Glook 

Maealester College, St . Paul , Minnesota 
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In Memoriam 


Joyce Clennam Stearns 
1B93-1948 

Joyce Clennam Stearns died at his home in Webster 
Groves, Missouri, on June 11. He had served os 
director of the Metallurgical Laboratory at the Uni- 
ersity of Chicago during the last year of the war and 
since July 1945 had been dean of the Faculties of 
Washington University in St. Louis. 

Stearns was horn in Meadville, Missouri, in 1893, 
studied Liberal Arts at Kingfisher College, took his 
Master's and Doctor's degrees in physics at the Uni¬ 
versity oT Chicago, und taught successively at Albion 
College and the University of Denver, where he was 
professor and eventually chairman of the Department 
of Physics. In the field of teaching, few physicists 
have earned as high n reputation as did Dr. Stearns. 
He was among the first to be drawn to Chicago in 
January 1942, when the atomic program was set up ns 
an active war project. 

The climax of his professional career was at Wash¬ 
ington University, where, ns dean of the Faculties 
he was the guiding spirit in rebuilding the staff after 
the disruption of the war. 

Stearns' first major scientific work was a demonstra¬ 
tion that magnetization of iron mokes no considerable 
change in the positions of the atoms or the electrons of 
which the iron is composed. This result ruled out the 
older theory of magnetism, based upon the Bohr atom, 
according to which the electrons revolving in orbits 
constituted the elcmenLary magnets that were oriented 
by the applied magnetic field. It was consistent, how¬ 
ever, with the later theories according to which the 
electrons are themselves magnets Ihnt become oriented 
when the iron is magnetized. Stearns' experiment con¬ 
sisted of magnetizing a crystal of iron from which a 
beam of X-rays was reflected. He found that no 
change in the strength of the reflected beam as great as 
one part per thousand was caused by magnetization, 
whereas changes of several per cent should have been 
expected if the orbits in which the electrons revolved 
had followed the magnetic field. 

Stearns also carried on several interesting experi¬ 
ments with cosmic rays, including tests of possible 
directional effect from the sun and of east-west asym¬ 
metry of cosmic-ray showers. His most notable 
Achievement in oosmic-ray studies, however, was his 
establishment of the high-altitude laboratory on Ht. 
Evans, just west of Denver. Stearns secured the co¬ 


operation of the Denver City Parks in building a road 
to the top of the mountain and in preparing the site, 
and persuaded the University of Denver, Massachusetts 
Institute of Technology, and the University of Chicago 
to cooperate with Mr. John Evans in building and 
maintaining the laboratory. He gave valuable aid to 
the many expeditions to Mt. Evans from several uni¬ 
versities by offering his own laboratory at Denver as a 
low-altitude base of operations and by helping with the 
experiments in many ways. It would be a fiLting 
tribute, indeed, to name the Mt. Evans laboratory 
after him. 

Arthur H. Compton 

Washington University, St. Louis 


(Continued from page SO.) 

any aspect of human crnotional-mentnl-social develop¬ 
ment, whoever can do something to clarify thinking 
even a little and very locally, whoever can help to re¬ 
move a prejudice, soften a hate, increase the total of 
understanding and tolerance in the world, by that 
knowledge, training, insight, or ability is made re¬ 
sponsible to do what he can in all possible places. 
Research is valuable but may remain sterile for long 
periods, and time is short. Erudite papers read to 
technical gatherings and published in technical jour¬ 
nals have their important place, but may be futile 
unless appropriate action follows. Responsibility of 
the informed nnd technically qualified is to all people, 
not just lo the enlightened. 

The reHlly noble example given by Kurt Lewin 
should continue to be an inspiration. His work and 
enthusiasm will continue to contribute greatly to pres¬ 
ent and future developments in the field of human 
relations. Some part of it can be carried on by every 
one of Us. 

Whoever can get at people in homes or schools or 
universities, in Parent-Teacher Associations, in Home 
and School Clubs, in youth groups, in churches or 
service clubs, by talking or writing, through lectures, 
radio, newspapers, mogazinea, books, or any other 
channels of communication, is obligated, by his ability, 
to serve the human race where he can to the limit of 
his equipment, Dare any of us say that he or she can 
do nothing about the desperate need of the world for 
better human relations f 
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Book Reviews 


Mikro-Metboden: zur Kennxeicbnung organiicber Stoffe 
umd Stoffgemhcbe. Ludwig Kofler and Adelheid Kofler. 
Innsbruck, Austria; Universitiits-Verlag-Wagner, 1948, 
Pp. viii + 337, (Illustrated,) $0,00. 

The methods used for characterizing the organic sub¬ 
stances described in this book are based on observations 
of the melting, decomposition, and sublimation points, and 
refractive indices under the microscope. While this tech¬ 
nique is familiar to most chemists, the authors are able to 
point out many refinements of the established methods. 
A theoretical discussion of melting-point diagrams is fol¬ 
lowed by their application to the qualitative aud quanti¬ 
tative analysis of mixtures and the molecular weight de¬ 
termination. The authors stress the importance of the 
determination of the refractive index under the micro¬ 
scope, enabling the experimenter to establish, in a short 
time and with simple moans, a physical constant- at tem¬ 
peratures which often forbid the use of ordinary refrac- 
tometers. With 10 glass powders, with refractive indices 
ranging from 1.3400 to 1.0718, the index of refraction can 
be determined with on accuracy of 0.0004. 

The tables of a thousand organic substances listing 
outectlc temperatures (with phenacetin and benzanilide 
ns one of the components), refractive indices, and melt¬ 
ing, decomposition, and sublimation temperatures make 
this book useful on the laboratory shelf. The tables are 
followed by a valuable, extensive literature list with many 
references to journals unfamiliar to most American 
rouders. Tho many diagrams and clear presentation make 
the book oxcollent rending material and will undoubtedly 
give mnny a stimulating thought to those spending much 
time in front of the melting-point apparatus. 

A. J. Haaoen-Rmit 

California Institute of Technology 

induitrial electronic! reference book. (Contributions of 
Electronics Engineers of the Westinghousc Electric 
Corp.) New York: John Wiley; London: Chapman & 
Hall, 1B48. Pp. x + 080. (Illustrated.) $7.50. 

As stated in the Introduction, this book serves as a 
11 digest embracing the applications ns well as the design 
data for industrial electronic equipment. 1 ' This assign¬ 
ment is admirably fulfilled, since the book contains many 
excellent graphs, tables, and illustrations on materials and 
industrial equipment. As a reference book it is neces¬ 
sarily brief in theoretical topics except in the chapters 
on transmission lines and antennas, whose direct relation 
to industrial equipment is perhaps not immediately ob¬ 
vious. 

The 30 chapters are arranged to form specific groups. 
The first 4 chapters cover basic information on electrons, 
their emission, motion in vacuum, and interactions with 
ions in gas conduction. Chapters 5-10 cover electron 
tubes of various designs: vacuum, gas, photoelectric, X- 


rny, cathode-ray, and tubes for ultraviolet production; 
several of these chapters have very extensive reference 
lists. Four chapters follow on circuit elements including 
filters, transformers, and tubes, and the next four chapters 
describe circuits as used in conjunction with rectifiers, 
amplifiers, oscillators, and basic control. 

Chapters 21 through 34 deal primarily with industrial 
applications and equipment, e.g. rectifiers and invertors, 
R. F. beating (taken from a previously published hand¬ 
book), industrial X-ray application, precipitation, appli¬ 
cations of ultraviolet, power line carrier communication, 
electronic instruments (109 references), and radar. 
Chapters 20 through 32 deal with individual phases of 
control applied to motors, generators, welding, etc. 

The final two chapters give information on the care and 
maintenance of electronic equipment. 

The book has been well edited, with consistent number¬ 
ing of subheadings and excellent print. All the authors 
are well known through other publications. Without 
doubt this book fills a gap which existed too long; it will 
prove of great help to practicing engineers and as refer¬ 
ence material for advanced courses in industrial elec¬ 
tronics. 

Ernbt Weber 

Polytechnic Institute of Brooklyn 

Drug retearcb and development . Austin Smith and Arthur 

D. Herrick. (Eds.) New York: Revere, 1948. Pp. 

xi + 506. $10.00. 

In the first chapter one finds u statement which conveys 
the spirit of this book: “The discoveries and inventions 
in this sphere, merely in the last fifteen years, have con¬ 
tributed more to the happiness, well-being, and health of 
humanity than has any other advancement." After that 
lofty beginning the reader is immediately brought down to 
earth and given a thorough understanding of what is re¬ 
quired to achieve and maintain this advancement. The 
physician, dmg manufacturer, research and laboratory 
worker, pharmacist, detail man, executive, production and 
control worker, attorney, the professor educating prac¬ 
tical men, and the roan on the job can all see, in perspec¬ 
tive, their part in this achievement. All can read with 
much profit and will doubtless find it a valuable reference 
book. 

The authors of the various chapters have all had long 
Experience with the topics they discuss. This would seem 
to guarantee the reliability of the mass of practical in¬ 
formation presented. These authors are from industry, 
universities, and the professions and in many instances 
have presented information which must have cost them 
much to acquire. Some of the topics covered are labora¬ 
tory research, development of biologicals, clinical testing, 
development of facilities and controls, labels and labeling, 
packaging and storing, patent law, trade-marks and labels, 
drug regulation, new drug application, biologic control 
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regulation, drug certification, council acceptance, product 
development promotion and marketing, advertising, de¬ 
tailing the physician, professional acceptance, and retail 
price maintenance. A valuable bibliography is also in¬ 
cluded. 

The book is not without surprises. Actually the word 
“research' 1 is upproprinto to the title by courtesy only, 
for few chapters arc allocated to that topic nnd then, of 
necessity, from the viewpoint of the drug industry. While 
it may be admitted that this apportionment of research 
to the total picture is appropriate, devoted researchers 
like to think their contribution represents a far greater 
porLion of the total. One chapter unexpectedly contains 
an excellent discussion of the critical need for animal ex¬ 
perimentation, and another contains invaluable advice to 
medical copywriters. Occasionally one finds certain de¬ 
tails emphasized more than once. For example, at four 
different places the laboratory worker is advised to keep 
a record to provide legal evidence of work accomplished; 
tests on stability of drugs are discussed twice. The risks 
and returns on research investment are discussed four 
times and not without conflicting viewpoints. Perhaps 
this serves to emphasize that the editors have extended 
the utmost latitude and liberty to each author in express¬ 
ing his thoughts. 

Walter H. Seeders 

Wayne University 
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NEtVS 
and Notes 

Norman H. Topping, associate 
director of the National Institutes of 
Health, was recently appointed Assist¬ 
ant Surgeon General of the U. S. Pub¬ 
lic Health Service. Dr, Topping will 
continue to serve as associate director 
of the Institutes. 

C. R. Orton, dean of the College of 
Agriculture, Forestry, and Home Eco¬ 
nomics and director of the Agricultural 
Experiment Station of West Virginia 
University, will resign from his ad¬ 
ministrative duties next June to en¬ 
gage in research and teaching in the 
Department of Plant Pathology. 

Ford L. Wilkinson, Jr., former 
dean of the U. S. Naval Postgraduate 
School, Annapolis, became president 
Of Rose Polytechnic Institute, Terre 
Haute, Indiana, on January 1, suc¬ 
ceeding Donald B. Prentice who re¬ 
tired last July. 

Emil J. Hellund, associate professor 
of physics at the University of Okla¬ 
homa, has joined the staff of the 
Theoretical Nuclear Physics Division, 
Argonne National Laboratory, as a 
senior physicist. 

Mary Baeyertz has beou named as¬ 
sistant chairman of the Metals Re¬ 
search Department, Armour Research 
Foundation of Illinois Institute of 
Technology. In her new position Dr. 
Baeyertz will assist Mr. Mahin, chair¬ 
man of the Department, in general 
scientific supervision of fundamental 
and applied research programs for 
industry and government agencies. 

J. Lawrence Pool was recently ap¬ 
pointed director of the neurological 
surgery service at the Neurological 
Institute of Presbyterian Hospital as 
well as professor and executive officer 
of the Department of Neurological 
Surgery, Columbia University Faculty 
of Medicine. Dr. Pool has been asso¬ 
ciated with the Columbia-Presbyterian 
Medical Center since 1032. 

George R. Ringo has been ap¬ 
pointed an associate physicist on the 


staff of the Experimental Nuclear 
Physics Division of the Argonne Na¬ 
tional Laboratory. Dr. Ringo had 
been with the Naval Research Labora¬ 
tory for the past 7 years. 

Edward M. Bernecker, former com¬ 
missioner of hospitals of New York 
City, has been appointed administrator 
of hospital services of the Now York 
University-Bellevuc Medical Center, ef¬ 
fective January 1. In his new posi¬ 
tion Dr. Bernecker will bo responsible 
for the administration of University 
Hospital, the Institute of Rehabilita¬ 
tion, and the various University clinics 
as well as for the coordination of the 
clinical teaching programs in other 
hospitals associated with the Medical 
Center. 

G. Goussef, chef d’Aquarium, 
Mus6e de la France d 'Outremer, 203 
Avenue DRurnesnil, Paris 12, will be 
happy to exchange publications with 
American workers in the field of hy¬ 
drobiology and allied sciences. 

Paul L. Munson haB resigned as 
head of endocrinology research for 
Armour and Company, Chicago, to ac¬ 
cept an appointment as research as¬ 
sistant professor in the Department of 
Pharmacology, Yale University School 
of Medicine. 

Gilbert B. L. Smith and Sol SkoL 
nik have been appointed head of the 
Chemistry Division and acting head 
of the Inorganic Chemistry Section, 
respectively, in the Research Depart¬ 
ment, U. 8. Naval Ordnance Test Sta¬ 
tion, Inyokern, China Lake, California. 
Harold F. Metcalf has been made 
scientific staff assistant to Dr. Smith. 

Robert G. Gibbs, former special 
agent of the Federal Bureau of Inves¬ 
tigation, has been made associate edi¬ 
tor of Chemical and Engineering News 
and Industrial and Engineering Chem¬ 
istry, publications of the American 
Chemical Society. . 

Raymond E. Cray has been ap¬ 
pointed professor in the Department 
of Poultry Science of the Ohio State 
University College of Agriculture, ef¬ 
fective March 28. 

George E. Ziegler, acting adminis¬ 
trative chief of the Midwest Research 
Institute, Kansas City, Missouri, since 


tho resignation of Harold Vagtborg 
6 months ago, has been made director; 
Clayton O. Dohrenwend has been 
appointed assistant director of the 
Institute. 

J. A. Salzmann, head of the Depart¬ 
ment of Orthodontics, Mt. Sinai Hos¬ 
pital, New York City, will leave March 
20 for a lecture tour of Mexico, Bra¬ 
zil, and Argentina. The tour is being 
made at the invitation of Mexican and 
Brazilian dental societies and by offi¬ 
cial invitation of the Argentine 
Government. 

Grants and Awards 

Brig. Gen. James Stevens Sim¬ 
mons, U. 8. Army, Retired, dean of 
the Harvard School of Public Health, 
was recently presented the alumni Ci¬ 
tation of Merit by John Cunningham, 
president of Davidson College. At the 
Convocation Assemblage Gen. Bimmons 
was cited for outstanding contributions 
in tho fields of preventive medicine 
and public health. 

The Research Council on Prob¬ 
lems of Alcohol has made grants of 
$2,500 each to the Biochemical Insti¬ 
tute of the University of Texas and to 
the University of Washington Medical 
School. The grant to the Biochemical 
Institute will be used to continue in¬ 
vestigations, under the direction of 
Roger J. Williams, on possible physi¬ 
ological causes underlying' problem 
drinking and that to the University of 
Washington will support work by Wal¬ 
ter L. Voegtlin in the determination of 
allergic factors underlying chronic 
alcoholism. 

The Woman’s Medical College, 
Philadelphia, has received a grant of 
$37,302 under the National Mental 
Health Act for developing psychiatric 
training for undergraduate medical 
students. The funds will be made 
available for the academic year 1949- 
50 and be paid in annual allotments 
over a three-year period. 

The American Foundation for 
High Blood Presaure recently 
awarded grants for research in hy¬ 
pertension and arteriosclerosis to the 
following: Thomas C. Barnes, Hahne¬ 
mann Medical College' Stanley E. 
Bradley, Columbia University; Nor- 
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man E. Freeman, Franklin Hospital, 
San Francisco; Meyer Friedman, Mt. 
Zion Hospital, San Francisco; Sydney 
M. Friedman, McGill University, 
Faculty of Medicine; David M. 
Greenberg, University of California, 
Berkeley; Keith S. Grimson, Duke 
University Hospital; Albert I. Lan¬ 
sing, Washington University School 
of Medicine; Arnold Lazarow and J. 
W. Patterson, Western Reserve Uni¬ 
versity; Jessie Marmorston, University 
of Southern California; Campbell 
Moses, University of Pittsburgh School 
of Medicine; Frederick J. Moore and 
Norman C. Flau, University of South¬ 
ern California; Jean Oliver, Long 
Island College of Medicine; Ernest 
W. Page, University of California 
Medical School; Lolland J, Rather, 
Stanford University School of Medi¬ 
cine; G. F. Wakerlin, University of 
Illinois; A. Earl Walker, Johns Hop¬ 
kins University; Harold Wiggers, AI 
bimy Medical College; and Eugene 
Ferris, University of Cincinnati. 

Fellowships 

The National Research Council 
of Canada has announced that about 
40 postdoctoral fellowships are avail¬ 
able in 1949-50 for research in pure 
chemistry and physics in NRC labora¬ 
tories at Ottawa and in the labora¬ 
tories of the Atomic Energy Project 
at Chalk River, Ontario. The majority 
of these will be in chemistry and 
physics although a few have been as¬ 
signed to atomic energy research. The 
fellowships are awarded for one year 
but may be renewed. They carry a 
stipend of $2,820, free of income tax, 
and an additional grant will be made 
for the expenses of those coming from 
abroad. There is no nationality re¬ 
striction for the positions in the Ot¬ 
tawa laboratories; however, those at 
Chalk River are limited to British 
subjects. Applications should be made 
to the National Research Council, Ot¬ 
tawa, Canada, not later than March 1, 
1949. 

TtSeSigma Delta Epsilon Re¬ 
search Fellowship in Science is again 
being offered this year. This pre- 
doctoral fellowship, which carries a 
stipend of $1,200, is awarded to 
women who give evidence of outstand¬ 
ing ability and promise and who need 
financial assistance to farther a well- 


defined research project in the mathe¬ 
matical, physical, or biological scien¬ 
ces. Application blanks, which must 
be submitted before February 1, may 
be obtained from Dr. Virginia Bartow, 
7 Chemistry Annex, University of 
Illinois, Urbnna, Illinois. Announce¬ 
ment of the award will be made early 
in March. 

The Institute of Gas Technology 

at Illinois Institute of Technology will 
accept applications for fellowships un¬ 
til March lfi, 1949. Fifteen fellow¬ 
ships, each carrying a stipend of $125 
per month for ten months, with in¬ 
creases in the following months, are 
available. Seniors and graduates un¬ 
der 28 years of ago, who have back¬ 
grounds in chemistry, chemical engi¬ 
neering, mathematics, mechanical 
engineering, and related fields, are 
eligible. Applications should be ad¬ 
dressed to the Director, Institute of 
Gas Technology, Technology Center, 
Chicago 10. 

Colleges and Universities 

A new measurement of the dis¬ 
tance of the earth from the sun, based 
on more than 5,000 observations of 
the moon, was reported by Dirk Brou¬ 
wer, director of the Yale University 
Observatory, at the meeting of the 
American Astronomical Society in New 
Haven the last week in December. The 
computations show the distance to be 
92,900,000 miles, subject to an un¬ 
certainty of not more than 35,000 
miles. The project was begun by the 
late Ernest W. Brown, professor of 
mathematics at Yale, and from 1932 
through 1942, 5,100 observations were 
made from 200 locations over the 
world, data from which were sent to 
Yale Observatory. This system of 
measurement is based on the gravita¬ 
tional pull of one body upon another 
—in this case of the Bun upon the 
moon. 

The University of Minnesota, Du¬ 
luth Branch, has announced the fol¬ 
lowing staff appointments: Raymond 
W. Darland, formerly of the Univer¬ 
sity of Nebraska, associate professor 
of botany; Moses Passer, formerly'of 
Cornell University, assistant professor 
of chomistry; Herbert C. Nelson, con¬ 
sulting engineer, instructor in civil 
engineering; Bainuel Weiner, former 
research chemist for the Paul-Lenis 


Laboratories, assistant professor of 
chemistry; and Harlan D. Fayle, 
former instructor at Duluth Junior 
College, instructor of chemistry. 

“The Physical Chemistry of Large 
Molecules” will be the subject of the 
new Wayno University “Frontiers of 
Chemistry * } series scheduled for early 
1949. Planned especially for those 
interested in the fields of rubber, 
plastics, proteins, and other materials 
of complex molecular structure, the 
series will feature lectures by promi¬ 
nent scientists on successive Monday 
evenings. The University Chemistry 
Department and the International So- 
cioty of the Friends of the Kresge- 
Hooker Library are jointly sponsoring 
the symposium. 

Paul J. Flnry of the Cornell Uni¬ 
versity Chemistry Department will be 
the speaker for the initial progrum on 
Fe 1 1 ruary 28. H is subject wil 1 be 

‘‘Thermodynamics of Polymer Solu¬ 
tions." Subsequent lectures will bo: 
March 7 — Robert Siinha, National 
Bureau uf Standards, “Viscosity of 
Solutions of Large Molecules 11 ; 
March 14—Rnymond Fuoss, Sterling 
Chemical Laboratory, Yale University, 
“The Physical Chomistry of Poly- 
electrolytes ''; March 21 — Raymond 
Boyer, Dow Chemical Company, 
“Structure and Properties of Polymer 
Gels"; March 28—Hubert M. James, 
Purdue University, “Theory of the 
Elasticity of Rubber-like Materials 
April 4—Henry II. Bull, College of 
Medicine, Northwestern University, 
“Physical Chemistry of Protein Hy¬ 
drolysis April 11—John T. Edsall, 
Harvard Medical School, “Size, 
Shape, and Molecular Configuration 
of Protein Molecules ' ’; April 25— 
Max A. Lnuffer, Physics Department, 
University of Pittsburgh, ( ‘ Physical 
Chemistry of Viruses. “ 

Graduate credit for the lecture 
series will be available to qualified 
registrants. Those interested in at¬ 
tending on a noncredit basis may ob¬ 
tain information from J. Russell 
Bright, Department of Chemistry, 
Wayne University, Detroit. 

Fire has completely destroyed the 

building housing the School of Medi¬ 
cine and the Department of Parasitol¬ 
ogy of the University of Chile. All 
equipment and a library which con- 
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tained 10,000 reprints on parasitology, 
tropical medicine, and rural health 
have been lost. Readers of Science 
having reprints available on these sub¬ 
jects who would like to assist in the 
reconstruction of the library may ad¬ 
dress material to Amador Neghme R., 
Professor of Parasitology, University 
of Chile, P. O. Box 9183, Santiago, 
Chile. 

Meetings and Elections 

A Symposium on Recent Research 
in Pood and Milk Sanitation, under 
the sponsorship of the Sanitation 
Study Section, Division of Research 
Grants and Fellowships, U. S. Public 
Health Service, will be held January 
26-27 in Washington, D. C., in the 
Department of Commerce Auditorium. 
Current research in bacteriology, epi¬ 
demiology, entomology, veterinary 
medicine, etc. will be discussed by 
specialists from various governmental 
agencies, colleges, and universities. 
Registration will take place at 9 A. M, 
Thursday and tho first meeting will 
l>ogin at 10 A, M. 

The Metropolitan Microchemical 
Society of New York is sponsoring 

u symposium at the American Museum 
of Natural History, New York City, 
February 25-20. Tho program has 
been planned to stimulate further in¬ 
terest in the field of microchemistry, 
and the public is invited to attend. 

I he flame photometer, radioactivity in 
niicronnnlysis, determinations of traces 
of elements, instrumentation, applica¬ 
tion of electrochemistry to the analy¬ 
sis of small amounts of material, and 
the ultracentrifugo will bo topics of 
discussion. Those wishing to attend 
the Friday evening dinner" and the 
Saturday afternoon luncheon, both at 
the Hotel Bolivar, should send their 
reservations to tlio chairman, A1 Stcy- 
ennark, Hoffmann-La Roche, Inc., 
Nut ley 10, New Jersey, not later than 
February 17. 

The Ecologists Union, devoted to 
the preservation of natural biotic com¬ 
munities for scientific use, has elected 
the following officers by mail ballot: 
president, A. O. Wocse, University of 
Oklahoma; vice-president, F. W. 
Albertson, Fort Hays Kansas State 
College; member of the Board of 
Governors, Richard H. Pough, Ameri¬ 
can Museum of Natural History. 


Ralph W. Dexter, Kent State Univer- 
sity, continues as secretary-treasurer. 

The Committee on the Study of 
Plant and Animal Communities, under 
the chairmanship of S. ChaileB Ken- 
deigh, University of Illinois, will pub¬ 
lish in the near future an inventory 
of nature sanctuaries in North Amer¬ 
ica. The Committee for the Preserva¬ 
tion of Natural Conditions, with Curtis 
Ij. Newcombe, Cranbrook Institute of 
Science, as chairman, has given sup¬ 
port this past year to protection of 
natural areas in Massachusetts, Penn¬ 
sylvania, and Iowa as well as Federal 
projects of conservation, particularly 
for the creation of a National Grass - 
land Monument and support for the 
Blatnik-Thye Bill, II.R. 6240 and S. 
1090, as a step toward the creation of 
a Quetico-Superior National Park. 

A meeting of the American So¬ 
ciety for X-Ray and Electron Dif¬ 
fraction took place at Battelle Me¬ 
morial Institute, Columbus, Ohio, 
December 16-18. The scientific ses¬ 
sions included a number of papers 
featuring microtechniques. The pro¬ 
posed plan for a single society to take 
the place of the A8XRED and the 
Crystallographic Society of America 
was discussed in the business meeting. 
The group was addressed at dinner by 
Max von Lnuo. 

The Nebraska Section of the 
American Chemical Society has 

elected its officers for 1049. They are : 
H. T. Bates, president; Bennet D. 
Hites, vice-president; and Henry F. 
Holtzclaw, Jr., secretary-treasurer. 
All are associated with the University 
of Nebraska. 

The Division of Gas and Fuel 
Chemiatry of the American Chemical 
Society has elected the following new 
officers: G. Robert Yohe, head of the 
Coal Division of the Illinois Stute 
Geological Survey, chairman, to suc¬ 
ceed Calvert C. Wright, chief of the 
Division, of Fuel Technology of the 
Pennsylvania State College School of 
Mineral Industries; Ralph E. Brower, 
of the U. S. Bureau of Mines, Pitts¬ 
burgh, chairman-elect; and H, Beecher 
Charmbury, of Pennsylvania State 
College, secretary-treasurer (a re-elec¬ 
tion). Dr. Yohe and Dr. Wright 
represent the Division on the Society’s 
National Council, and Dr. Brewer and 


Henry Hakewill, Jr., of the Institute 
of Gas Technology, Chicago, are the 
alternate councilors. 

The Division of Rubber Chem¬ 
istry, American Chemical Society, 
has elected Howard I. Cramer, di¬ 
rector of development, Sharpies Chem¬ 
icals, Inc., Philadelphia, chairman, 
and Frederick W. Stavely, director 
of research, Firestone Tire & Rub¬ 
ber Compnny, Akron, chairman-elect. 
Charles R. Hnynes, manager of rub¬ 
ber service, Binney & Smith Company, 
New York, and C. W. Christensen, 
sales manager of the Rubber Service 
Laboratories, Monsanto Chemical 
Company, Akron, were re-elected sec¬ 
retary and treasurer, respectively. 
Harry E, Outcault, manager of zinc 
oxide sales, St. Joseph Lead Com¬ 
pany, New York, former chairman, 
has now become a member of the 
Division’s board of directors. 

The International Institute of 
Embryology has elected the following 
American scientists to membership: 
Howard B. Adelmnnn, Cornell Univer¬ 
sity; L. G- Barth, Columbia Univer¬ 
sity ; Donald P. Costello, University 
of North Carolina; S. R, Detwiler, 
Columbia University; R. M. Eakin, 
University of California, Berkeley; 
Gerhard Fankhausor, Princeton Uni¬ 
versity; V. Hamburger, Washington 
University; E. B. Harvey, Princeton 
University; Arthur T. Hertjg, Boston 
University; Chester H. Hauser, CaT- 
negie Institute; Leigh Hoadley, Har¬ 
vard University; J. 8. Nicholas, Yale 
University; A. Mundel Bchechtman, 
University of California, Los Angeles; 
L. S. Stone, Yale University; Victor 
C. Twitty, Stanford University; Al¬ 
bert Tyler, California Institute of 
Technology; Paul Weiss, University 
of Chicago; B. H. Willier, Johns Hop¬ 
kins University; E. Witschi, State 
University of Iowa; and L. F. Yn- 
fcema, Cornell University. 

The incorporators of the Scien¬ 
tific Research Society of America, a 
new national scientific research so¬ 
ciety, announced the election of the 
following officers and Board of Gov¬ 
ernors November 27 at their Cleveland 
convention: chairman, George A. 
Stetson, editor of publications of the 
American Society of Mechanical En¬ 
gineers; director, Donald B, Prentice, 
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past-president, Bose Polytechnic In¬ 
stitute; treasurer, George A. Baits ell, 
executive secretary, Society of the 
Sigma Xi; members of the Board, 
Joseph W. Barker, president, Research 
Corporation, New York City; W. V. 
Houston, president, Rice Institute, 
Houston, Texas; M. C. K. Jones, Esso 
Research Laboratories, Elizabeth, Now 
Jersey; William Procter, Palm Beach, 
Florida; George A. Stetson; C. G. 
Suits, director, Research Laboratory, 
General Electric Company, Schenec¬ 
tady, New York; C. A, Thomas, execu¬ 
tive vice-president, Monsanto Chemical 
Company, St, Louis, Missouri; Wil¬ 
liam E. Vaughan, Shell Development 
Company, Emeryville, California; and 
Eclwnrd R. Weidlein, director, Mellon 
Institute, Pittsburgh, Pennsylvania; 
nnrl members of the Board, ex officiis, 
Car] D. Anderson, president, Sigma 
Xi; Georgo A. Baitsell; and George 
lb Pogram, treasurer, Sigma Xi, The 
national hondquarters has been estab¬ 
lished at 54 Hillhouse Avenue, Yale 
University, New Haven, Connecticut. 

NRC News 

The Division of Geology and 
Geography has available three new 
publications. 

"The Rock-Color Chart" ($5.50), 
especially designed for field use, but 
also suitable for office or laboratory, 
includes 115 colors which indicate the 
range of rock colors for all purposes 
and a brief text explaining the systems 
used for the chart arrangement and 
color names. The Munsell sytsem has 
been used for form and arrangement, 
and color nameB have been taken from 
the I8CC-NBS system. The Munsell 
numerical designation is also given for 
each color chip. The chart was pre¬ 
pared by the Rock-Color Chart Commit¬ 
tee, a Subcommittee of the Committee 
en Symposium on Sedimentation, in¬ 
cluding E. N. Goddard, U. S. Geo- 
'ogical Survey; Parker D. Trask, 
Geological Society of America; Ronald 
K. DeFord, American Association of 
Petroleum Geologists; Olaf N. Rove, 
Society of Economic Geologists; and 
Joseph T. Singewald, Jr., and R. M. 
Gverbeck, both of the Association of 
American State Geologists. 

A "Report of the Committee on the 
Measurement of Geologic Time, 1946- 
PM7, Inclusive" ($1,00) includes re¬ 


ports and articles by John Putnam 
Marble, chairm an of the Committee, 
Arthur Holmes, University of Edin¬ 
burgh, L. H. Ahrens, Alfred C. Lane 
(chairman of Committee until July 
1946), and R. F. Beers. 

Another publication, "Report of 
the Committee on a TTcutise on Ma¬ 
rino Ecology and Paleoecology, 1040- 
1947" ($1.00), prepared under Harry 
S. Ladd, chairman, and Kenneth E. 
Loliman, vice-chairman, includes re¬ 
ports and sections on current activities, 
recently published papers, completed 
units of annotated bibliographies of 
Marine Ecology and Paleoecology, and 
several articles. 

Copies may be obtained from the 
Division headquarters at the National 
Research Council, 2101 Constitution 
Avenue, Washington 25, IJ. C. 

The Committee on Research in 
Endocrinology has announced that 
requests for grants-in aid during the 
fiscal yoar, July 1, 1949-June 30, 1950, 
will be received until February $8. 
Work in the general fields of experi¬ 
mental and clinical endocrinology as 
w r ell as studies of the effect of sex 
hormones on nonsexunl functions, such 
us general metabolism and the metab¬ 
olism of steroid hormones, will be 
considered. Investigators seeking sup¬ 
port for research in the problems of 
sex in the narrower sense, however, 
should direct their proposals to the 
Committee for Research in Problems 
of Sex rather than that on Endocrinol¬ 
ogy. Applicants must submit a state¬ 
ment of the problem and plan and 
information regarding the method of 
attack, the institutional support of the 
investigation, and the uses to which 
the grant, will bo put. The funds may 
not be used by the recipient institution 
for administrative expenses. Blanks 
may be obtained from the Secretary, 
Division of Medical Sciences, National 
Research Council, 2101 Constitution 
Avenue, Washington 25, D. C. 

Deaths 

Robert Stephen Briffault, 72, Brit¬ 
ish surgeon, anthropologist, and au¬ 
thor, died December 11 in Hastings, 
England. 

Aria! W. George, 66, a pioneer 
radiologist, died December 24 in 
Brookline, Massachusetts. Dr. Georgo 


was one of the first Americans to 
receive the Sir Jamos Mackenzie- 
Davidson Memorial Medal of the 
British Royal Society of Medicine in 
recognition of his application of 
Roentgen rays to disease diagnosis. 

Frank Irwin, 80, professor emeritus 
of mathematics at the University of 
California, died December 25 in Berke¬ 
ley, California. 

Samuel J. Plimpton, 65, professor 
of physics at Worcester Polytechnic 
Institute, died December 29 at Worces¬ 
ter, Massachusetts. 

Edward S. Johnson, 86, chemical 
research consultant for the drug, dye 
and explosives industries, died Decem¬ 
ber 30 in New Rochelle, New York. 

A. Herman Pfund, 69, professor 

emeritus of physics at Johns Hopkins 
University and former president of 
the American Optical Society, died 
January 4 in Baltimore, Maryland. 


Two seed packages can now be 
ordered through CARE for delivery 
in Austria, Belgium, Czechoslovakia, 
Finland, Italy, France, Greece, the 
Netherlands, Poland, Great Britain 
(England, Scotland, Wales, Northern 
Ireland) and the American, British, 
and French Zones of Germany and 
Berlin. For family use, a package 
contains enough seeds to plant a gar¬ 
den 50'x150' and to yield fresh 
vegetables throughout the summer 
months as well as those suitable for 
canning and storage for use next win¬ 
ter. The other package contains 20 
lbs of hybrid field corn seed, enough 
for planting 24 acres. The latter may 
be harvested for feed for fattening 
meat animals or for maintaining a 
high level of production in dairy cattle. 
Complete instructions in the appro¬ 
priate language are included in each 
package. The packages may be 
ordered, at $4 each, from CARE, 50 
Broad Street, New York City 4, or 
from CARE outlets in several of the 
major citiqB. 

The U. S. Civil Service Commis¬ 
sion has announced an examination 
for Physical Scienee Administrators, 
$5,232 to $10,305 per annum, for posl- 
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tion 0 in Washington, D. C., and vicin¬ 
ity, Applicants must have completed 
a 4-year college course majoring in 
physical science, mathematics, or engi¬ 
neering; an equivalent in technical 
experience ; or an appropriate combina¬ 
tion of the two. At least three years 
of professional experience which has 
included or been supplemented by 
administrative experience in fields of 
physical science is also required- No 
written test will be given. Informa¬ 
tion and application blanks may be 
obtained from the U. 9. Civil Service 
Commission, Washington 25, D, C. 

Libraries in devastated countries 

may now subscribe to Paychometrika, 
the quarterly journal of the Psycho¬ 
metric Society at a special reduced rate 
of $3.00. The usual subscription rate 
it $10.00. According to Albert K. 
Kurtz, secretary of the Psychometric 
Corporation, the Board of Directors 
has authorized this policy for 1949 on 
an experimental basis. Libraries wish¬ 
ing to take advantage of this offer 
should send chocks, payable to the 
Psychometric Corporation, to Edward 
E. Cureton, Treasurer, 853, East Brew- 
stor Road, Alcoa, Tennessee. 

The National Registry of Rare 
Chemicals, 35 West 33rd Street, Chi¬ 
cago 16, Illinois, hoB announced the 
following list of wanted chemicals: 
pontnzlne; myristicinaldehyde; D- and 
L-xylokotose; 6-menthen-2-ol; carbonyl 
sulfide; 3-troponone; 2-anjino-5-hy- 
droxy-n-valeric acid; urobilinogen; 
melissyl alcohol; 6-hydroxy-l,4-naph- 
thaquinone; thymidine; adonidin; 
isovantUin; coumingine; gelseminine; 
hardline hydrochloride; zinc carbonyl; 
titanium difluoride; cevadine; and 
germanium dichloridc. 

The Third Michigan International 
Exhibition of Nature Photography, 

under the sponsorship of the Cranbrook 
Institute of Science and several Michi¬ 
gan nature societies, has been sched¬ 
uled for the period March 2fl-Aprll 3 
at the Detroit Flower Show, and for 
the period April 5-15 at the Cran¬ 
brook Institute. A11 student, amateur, 
and professional photographers here 
and abroad (the entry fee may be 
waived for exhibits from foreign coun¬ 
tries from which it Is impossible to 
send m oney) are invited to submit 
nature pictures in competition for 


either the print or transparency 
groups. The exhibits will usually fall 
into one of the following categories* 
I. Zoological—all animals (except 
pets), birds, fish, reptiles, insects, etc; 
animal products such as corals, shells, 
fossils, bonos, neats, etc; II. Botanical 
—plants, trees, flowers, mosses, shrubs, 
fungi, etc; III. Scenery—where em¬ 
phasis is on geological aspects and 
natural phenomena; and IV. Micro 
and macro photographs of any natural 
science subject. In addition to the 
first, second, and prize ribbons, special 
awards will be given for exhibits on 
fresh water algae; ferns; mnerals; in¬ 
sects; astronomy; birds; mammals; 
and flowers. Particulars may be ob¬ 
tained by writing to Roger E. Richard, 
Chairman, P. O. Box 2411, Dearborn, 
Michigan, The deadline for receipt of 
entries of March 14, 1940. 

The National Council of the 
American Institute of Chemists has 

passed the following Resolution: 

Whereak, Congressional Investi¬ 
gating Committees can produce results 
of great value to the country and, 

Whereas, The value of their work 
depends on an impartial uncovering of 
facts and, 

Whereas, Their ability to obtain 
valuable and useful information is 
lessoned by premature public state¬ 
ments unsubstantiated by proof and, 

Whereas, Such premature public 
statements may cause injustice to be 
done to American citizens, and may 
endanger national security. 

Therefore, be it Resolved, That the 
American Institute of Chemists, act¬ 
ing through its National Council, urges 
that Congressional Investigating Com¬ 
mittees proceed with judicial restraint 
and with due Tegard foT the rights of 
all witnesses. 

The American School of Prehis¬ 
toric Research, located at the Peabody 
Museum of Harvard University, Cam¬ 
bridge 38, Massachusetts, recently an¬ 
nounced the appearance of Bulletin 16, 
"The Neolithic Peribd in Bulgaria, 11 
by the late JameB Harvey Gaul. This 
Illustrated publication (253 pp.) is a 
study of the earliest food-producing 
cultures of eastern Europe and of the 
connections of that area with Neo¬ 
lithic Greece. Although the mono¬ 
graph cost $7.00 to produce, the 
School is offering it to interested 
individuals and institutions at $4.75. 


Several other important manuscripts 
are awaiting publication. 

Make Plans for— 

American Institute of Electrical 
Engineers, winter general meeting, 
January 31-February 4, Hotel Statler, 
New York City. 

National Conference on Rural 
Health, February 4-5, Palmer House, 
Chicago, Illinois. 

International Geographical Union, 

16th Congress, April 8-16, Lisbon, 
Portugal. 

5th International Congress for 
Comparative Pathology, May 17-20, 
Istanbul, Turkey. 

Recently Received— 

Light on a medical mystery. Educa¬ 
tional pamphlet of the National 
Multiple Sclerosis Society, New York 
Academy of Medicine Building, 
Fifth Avenue and 103rd Street, New 
York City 29. 

College Board Review. Published 
quarterly by the College Entrance 
Examination Board, 425 West 117th 
Street, New York City 27. 

Mental Hygiene Nows. Published 
monthly except July and August by 
the New York State Department of 
Mental Hygiene through the State 
Hospitals Press, 1213 Court Street, 
Utica, New York. 

The Institute News. Printed and pub¬ 
lished by the Franklin Institute, 
Benjamin Franklin Parkway at 
20 th, Philadelphia, Pennsylvania. 
The promotion and acceleration of me¬ 
tallic corrosion by microorganisms, 
by T. Howard Rogers. Reprint from 
the Journal of the Institute of 
Metals, 1948, Vol. 75, Pt. 1. Re¬ 
leased by the Institute of Metals, 4 
Grosvenor Gardens, London, S. W. 1. 
Studies in Japanese Pselnphidae (Cole- 
op tern), I. Introductory materials 
checklist, and key to genera, by Or¬ 
lando Park. (Bulletin of the Chi¬ 
cago Academy of Sciences, Novem¬ 
ber 30, -- 

The neutral element base of matter 
and probable cause of gravitation, 
by Santiago Antunez de Mayolo. 
Lima, Peru: Unlversidad Nacional 
Mayor de San Marcos, 1048. 
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Solar Energy 

Farrington Daniels, University of Wisconsin 

ROM THE DAWN OF IITSTORY man has 
realized Ihe importance of the sun, but only in 
the pro,sent noientific fige lias he begun to appre¬ 
ciate the vastness of this source of energy and the 
extraordinarily clever mechanisms by which nature 
makes efficient use of it. In these Limes of profligate 
spending of the world's natural resources (/»') and 
uncontrolled increase in population (12, 1H) it is our 
tusk on this 100th anniversary of the founding of 
the American Association for the Advancement of 
Science to try to see what lies uheud. Science has 
pulled us out of many difficulties in the punt—and 
hns given us the means for getting ourselves into 
worse ones. When we have used up our coid and 
oil, exploited our available land with intensive farm¬ 
ing, and trebled our population, can we then call on 
the sun to give us still more means to satisfy our ever 
increasing demands for food, fuel, and power? The 
answer in yes. Hut there is a long challenging road 
of research and development which must he followed 
first—and we must not get the idea that we are about 
to step into a new era of physical and economic abun¬ 
dance. We can’t eat sunshine, we can’t carry it where 
we want to use it, and, because it cannot easily be 
used to produce high temperatures, we And it is diffi¬ 
cult to apply directly in our heat engines. 

Amount of 1 Solar Energy 

The earth intercepts a prodigipua amount of radiant 
heat from the sun (AV) —about 5 x 10*' 1 large calories 
or kilocalories per year, arriving at the surface of the 
earth. Five followed by 20 zeros is too large a fig¬ 
ure to register with most of us, hut suppose one con¬ 
siders the amount of energy in terms of an acre. An 
aero is roughly a square of land 200 feet on a side, 
n little less than the length of half n city block, with 
an urea of about 40,000 square feet, lii most parts 
of the United States the solar energy averages more 
than one kilocalorie per square foot per minute (G), 
or 500 kilocalories per day. Since each one of the 
40,000 square foot in nn acre receives 500 kilocalories 
each dtiy, the whole acre receives 20,000,000 kilocalo¬ 
ries per day. Let ub see what these figures mean in 
terma of food, fuel, and power. In the continental 
United States there are now nearly 144,000,000 people 
and nearly 2,000,000,000 acres of land (£f), giving nn 
average of about 14 acres per person, and a theoretical 

’'Solar Energy" waa one of the addreuea delivered at 
w Symposium on Source* of Energy, held in Walking con, 

C., on September 15, during the Centennial Celebration 
** *he AAAS, 


average of 280,000,000 kilocalories of sunlight per day 
per person. 

Each person uses about 3,000 kilocalories to main¬ 
tain house]I. with loud, and vastly more for heat and 
power. In 1946, 583,000,000 tons of coal (22) were 
used for, heat, light and power by 140 million people 

in 365 days.an average of 20 pounds person per 

day or 75,000 kilocalories; 1,700,000,000 barrels of oil 
were used for heat and power including uu to mobiles 
—ail average of 50,000 kilocalories per person per 
day; nearly 4,000,000,000,000 cubic feet of natural gas 
were used, nn amount equivalent to 21,000 kilocalories 
per person per day, On the average then, each per¬ 
son had 3,000 kilocalories from food and 146,000 from 
coal, iron, and gaa—a total of nearly 150,000 kilocalo¬ 
ries per day. When this total is compared to his 
theoretical average of 280,000,000 kilocalories from the 
sun, we see that the sun supplies to the United Stutes 
nearly 2,000 times as much heat energy as is now 
used. It must be emphasized that most of the heat 
energy now used comes not from the daily supply of 
solar energy but from the solar energy stored up in 
bygone ages. 

Utilization of Solah Energy 

Of the sun’s radiation which hits the earth's at¬ 
mosphere a considerable portion is reflected and scat¬ 
tered, so that about 1 kilocalorie per minute on the 
average, in the Temperate Zone, reaches a square foot 
of land or water. Some of this is used in the evap¬ 
orating of water which, however, releases this heat 
lignin when the water vapor condenses as rain or snow. 
Most of the visible sunlight, constituting about half of 
the total radiation reaching the earth, can be used for 
producing carbohydrates and other organic material 
if it strikes growing plants on land or in the sea, Hiid 
the remainder is available for raising the temperature. 
The tendency for the earth’s tern pern lure to rise, due 
to solar radiation and by decay of radioactive elements 
in the earth, is nicely counterbalanced hv the cooling 
caused by infrared radiation from the eurth corre¬ 
sponding to the earth's temperature (£). 

How can we convert this 20,000,000 kilocalories per 
acre per day into useful power? If it could be used 
to operate a modern steam engine or hot gas engine 
with a normal efficiency of 25 per cent, wo could ob¬ 
tain electrical power equivalent to 240 kilowatts per 
acre. But this plan is not now practical because the 
sun’s radiation falling on the earth’s surface does not 
create higb temperatures unless it is concentrated or 
special precautions are taken to reduce heat losses. 
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Just as we must have a difference in level, that is, u 
waterfall, for a moss of water to produce hydroelectric 
power, so we must have a difference in temperature 
for heat to do work. The maximum efficiency obtain¬ 
able is completely set by the difference in temperature, 
divided by the higher temperature. The possibilities 
and limitations of utilizing solar energy for engines 
mid for house heating hove been considered by Pro¬ 
fessor Hottell (S) of MIT. He estimates that an acre 
of Arizona sunshine might produce 37 kilowatts or 50 
horse power and New York sunshine might produce 
23 kilowatts or 30 horse power. He concludes that 
we do not yet have enough facts to determine the eco¬ 
nomic practicality of solar engines. It may be noted 
in passing that it usually takes more than one Here of 
sunshine on farm land to support one horse and that 
an average farm horse does not work more than 1,000 
hours out of 8,700 hours in one year. 

Even with expensive lenses or reflecting mirrors 
spread over a large area, it is not easy, even on cloud¬ 
less days, to raise the temperature high enough to give 
very efficient conversion of heat into work; and when 
the sun is obscured with clouds, a focusing system is 
inoperative. 

Some attempts have been made Lo operate vapor en¬ 
gines with low-boiling liquids or with water under re¬ 
duced pressures. These engines are rendered some¬ 
what more practical if they can be located near a 
large body of cold water to cool the condensers to a 
low temperature, but the small temperature difference 
rnd the low thermodynamic efficiency is a serious 
handicap, 

Windmills are operated, of course, by differences in 
air pressure enused by solar energy—but, although 
they are very useful in certain areas, they are sporadic 
in operation and do not seem destined to plnv an im¬ 
portant role in meeting the demand for large amounts 
of power. 

Let us consider another approach for the direct con¬ 
version of heat into work. Thermocouples made by 
joining two wires of unlike mcf/ils will generate elec¬ 
tricity when one junction is hotter than the other. 
We can produce electricity by placing one junction in 
the sunlight and one in the shade, but the voltages ob¬ 
tainable are of the order of a few thousandths of a 
volt per junction and, if we use a large number of 
junctions in series, we automatically increase the re¬ 
sistance of our wires to very large values. On a small 
scale, intense radiation from the sun can be converted 
into electricity with an efficiency of a few per cent 
with expensive equipment. The best commercially 
available thermocouple material can convert 0.8 per 
cent of the sunlight absorbed, under favorable condi¬ 
tions, into electricity. Special alloys in the labora¬ 
tory give promise ol' a still higher conversion (JG). 


We have photochemical cells which generate elec¬ 
tricity when one of the electrodes is exposed to the 
light and the other is kepi in the dark. Again the 
voltages are very low and the resistances very high so 
that direct generation of thousands of kilowatts of 
electricity does not now appear to be practical. For 
house heating, high temperatures nre not required 
and here seems to lie hii opportunity for making more 
use of the sun. Hot water for houses is now being 
provided by solar radiation (o). Certuinly all scien¬ 
tific principles should be followed in the use of absorb¬ 
ing and reflecting surfaces to obtain innximum bent 
from the sun in winter and minimum heat ip the 
summer. Heat storage beds of cheap, quick, heat-ex- 
changing materials should be more thoroughly ex¬ 
plored as a means for equalizing temperature—storing 
the heat of the day to he blown through the house 
during cool nights and storing the cold of the night 
for air conditioning on hot duys. An attractive ap¬ 
proach lies in the storage of solar heat in chemical 
or phvsicnl changes. Miss Mnrin Telkes, of the Mas¬ 
sachusetts Institute of Technology, is conducting prac¬ 
tical research along these lines, and she has summa¬ 
rized the situation with reference to solar house heat¬ 
ing (IT). Lot (. 9 ) and olhers have studied the prob¬ 
lem of house heating. 

Although solar engines for power and meehnnicnl 
devices for storing solar heat are not impossible, 
they do not now appear to be practical enough to be 
important on a large scale. We must look elsewhere 
for the conversion of sunlight into useful power and 
stored heat. Lei's consider using the sunlight to bring 
about some cheap, efficient photochemical reaction to 
obtain a product which we can carry around with us 
and then release the stored energy when nnd where 
we please by a second chemical reaction. It would 
he a good idea to combine carbon dioxide and water 
to form carbohydrates and other organic materials, 
and then burn them in the oxygen of the air with 
the evolution of heat at high temperatures. This 
sounds like a good idea but there are two serious dif¬ 
ficulties—neither carbon dioxide nor water absorb sun¬ 
light, nnd without absorption there can he no photo¬ 
chemical reaction, Even if we found a third sub¬ 
stance which would absorb the sun's radiant energy 
and transfer it in some mysterious manner to the car¬ 
bon dioxide and water, the energy in the units of 
radiation, called photons, amounts to only about 40 to 
60 kilocalories per mole while the energy required to 
make carbohydrates from carbon dioxide and water 
is more than 112 kilocalories per mole. Nevertheless, 
nature solved this problem in a very beautiful manner 
with chlorophyll and started production of carbohy¬ 
drates in growing plants soon after the earth cooled 
enough to permit the existence of organic material. 
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This process, in which carbon dioxide and water lire 
transformed into carbohydrates by sunlight in the liv¬ 
ing plant, is called photosynthesis. 

, Nature did us another good turn by accumulating 
this carbohydrate materia] over mi 11 ions of years, al¬ 
tering its chemical structure to give h greater percent¬ 
age of combustible carbon, and storing it, so that wc 
can have convenient fossil Fuels packaged as solids, 
liquids, or gases—coal to he shoveled and shipped in 
chunks-, petroleum to be pumped and cnrried in tanks, 
and natural gas to flow easily through pipes. 

Again man was provided with a means for getting 
work done long before he hud evolved far enough to in¬ 
vent heat engines. He could obtain mechanical power 
from the organic material, photosynthesizi-d by the 
sun, by feeding it directly to men, horses, water buf¬ 
falo, or other animals, and then persuading them to 
do liis work for him. The conversion of chemical en¬ 
ergy into useful work in this intricate animal process 

TAKLK l 

Typical Auiucliltural Utilization of Sunlight 

Crop Crop yMd/iicm/yi 1 ur 

('urn (194(1 uverujrc, U.S.) 3M hushelH (0.9 ton)* 

Wile ill (194(1 iLveriiffC, U.S.) 17 biuOirlfl (O.fi tun) * 

liny, tame (1940 nvernae, TI.K.) l.R Ions 

liny, wile! (104(1 im<ru£'\ U S.) 0.9 (cm 


Florlilii pine (lufnl wood rnulrrlul) a tmiN 
WIhcohmIu unpeii (total wood material) 2 tons 


* The organic material (rellulone) of leaves, stalks, etc. 
gives an additional .9 ton, approximately, for corn and 0.R 
ton for wheat. 

is not limited, as bent engines arc limited, by the re¬ 
quirement of a largo difference in temperature, but 
by other factors not yet fully understood. 

More recently man has tried to compete with nature 
in using atomic energy under controlled conditions, 
but the much publicized atomic energy cannot compare 
with the sun T s energy. An atomic bomb with its 
equivalent of 20,000 tons of TNT has 20,000,000,000 
kilocalories, which is no more than the heat of the sun¬ 
light which falls on li square miles of land in a day. 1 
The difference of course is that in an atomic bomb the 
energy is wrapped up in a small package and released 
instantaneously. Only a small fruction of the sun's 
energy can be utilized in any operation which involves 
high temperatures. 

Production of Furl and Food 

Of the nearly 2,000,000,000 acres of land in the 
United States (13) a little more than half is used 

1 On* gram of TNT la equivalent to 1 kilocalorie : 20,000 
Iona of TNT - 2 x 10* tons x 2 x 10" Ihs/tnu x 453 grame/lb x 1 
kilocalorie/gram - 1.8 x 10«» kilocalorie ; 1 % sq ml - BOO acres ; 
1,60 acres x 20x10" kilocalories/ncre = 1.0 x 10™ kUocalorlen/ 

1 «q ml. 


for farming and about a third is forest, the rest being 
largely grazing land, desert, mountains, and city land. 
Much of our bmd, therefore, is now using the sun’s 
radiation to grow vegetation of some kind—crops, for¬ 
est, or grass—but the utilization of solar energy is 
often inefficient. 

In Table 1 are shown average yields per acre for 
four crops in the United States for 1946 (20)- 

KffTCIKNCY OF PUO’POHVNT1IKS1S 

We have just seen what average yields are now 
obtained in the conversion of sunlight into plant 
material and have learned that two tons of wood 
material can be grown in a year on an acre of aspen 
in Wisconsin under good operating conditions of con¬ 
tinuing forest growth. When this annual growth of 
wood material is burned, it will yield 8,500,000 kilo¬ 
calories, whereas the sun’s radiation falling on the 
acre is 7,300,000,000 kilocalories per year. This re¬ 
sults in n return of a little less than 1/10 of 1 per 
cent of the sun’s energy. 

The case is somewhat better with corn on fertile 
soil. On Mimic Towa farms the yield of shelled hybrid 
corn is 100 bushels per acre and the weight of the 
cobs, leaves, stalks, and roots is nbout equal to that of 
the ccrrri. If all this organic material is burned, about 
20,000,000 kilocalories will be evolved, amounting to a 
conversion of 3/lOths of 1 per cent of the year’s solnr 
radiation. If one remembers that the growing season 
ih Jess than a third of the year, il is evident that the 
eorn actually converts nbout 1 per cent of the possible 
radiation into organic material. According to one ex¬ 
periment in which the light was measured and the 
corn and leaves and roots accurately weighed, a con¬ 
version of 1.6 per cent wnH obtained during the grow¬ 
ing season (11), or about 0.5 per cent of the year’s 
sunlight. 

What are the factors which make for this low ef¬ 
ficiency? As just explained, the growing season is 
short—only about a third of the year. The green chlo¬ 
rophyll of plants does a remarkable job of absorbing 
light all the way from ultraviolet light to red light at 
6,800 A and utilizing it in photosynthesis, but even so 
it does not absorb more than half of the total range 
of the sun's radiation. Most of the other half liea in 
the heat rays or .infrared radiation. Again, par¬ 
ticularly in the first part of the growing season, the 
plants are small and much of the acre is not covered 
with leaves. The layers of leaves are not thick enough 
to absorb all the absorbable light. Obviously, it is 
only the light whiclTis absorbed by the plant that can 
have a part in photosynthesizing new plant materiaJ. 

In order to obtain the maximum production, all the 
conditions must bo optimum. For example, if sun¬ 
light is to be the limiting factor in getting the maxi- 
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mum amount of plant growth, the other necessary 
major and minor chemical elements must all be present 
in adequate amounts. For, example, a given amount 
of sunlight will not give the maximum growth of plant 
material if the plants are too dry, or the weather too 
cool, or the ground too poor in soluble, essential 
minerals. Moreover, when the light intensity is in¬ 
creased, the efficiency of conversion is decreased. 

The concentration of carbon dioxide in the air is 
only 0.04 of 1 per cent, and there is no simple way 
of increasing this concentration in open fields. All 
plant material gets its carbon from this 0.04 per cent 
in the air. This seems to be a small source of carbon 
lor all the vegetation of the world, but in the air over 
each acre there is 19 Ions of mobile carbon dioxide. 2 

What is the theoretical limit to which efficiency in 
photosynthesis can upproach when all other factors 
involved are present in abundant quantities and sun¬ 
light becomes the limiting factor? Under optimum 
conditions, nearly 10 units of radiation, called pho¬ 
tons, must be absorbed by chlorophyll in order to 
cause the combination of one molecule of carbon 
dioxide and one molecule of water to give as much 
carbohydrate as is equivalent to one atom of carbon. 
These are experimental values, obtained with green 
algae in water with ample carbon dioxide, perhaps 5 
per cent, and plenty of chemical food material and low 
light intensity. As we shall see shortly, this ratio of 
10 photons per molecule means that, with green light, 
under the most favorable conditions, only 20 per cent 
of the energy of the light can be stored as chemical 
energy. 

Remembering the 13 factor for the growing season 
and the 1/2 fnetnr lor utilizable sunlight, even with 
the best environment of moisture, fertilizer, and tem¬ 
perature, we could expect to get only l/(ith of 20 per 
cent or 3 1 /3 per cent conversion of sunlight in on 
agricultural crop in the United States. The 0.3 per 
cent conversion of the annual sunshine in a bumper 
corn crop is not had in comparison with the theoreticnl 
maximum of 3.3 per cent. 

This maximum ratio of about 10 photons of light 
absorbed per molecule in photosynthesis has been 
checked in different laboratories (JO) in several dif¬ 
ferent ways. The chemical change has been de¬ 
termined by micro-gas analysis, by electrical methods, 
by chemical titration for oxygen, by differential meas¬ 
urements in a Warburg manometer, and by optical 
and magnetic methods 

Perhaps the most significant and independent meas¬ 
urements have been made calorimetrically ( 1 ). A 

3 (0.(1004 x lfi Ihs/sq Jncta X 48.500 aq ft/acre x 144 sq 
lnch/sq ft) f 2,000 Iba/tOD « lft tons/acre. 


tiny glass cell is surrounded by thermocouples which 
measure the heat evolved when the light passes through 
the cell. The light absorbed by algae in the cell is 
measured at the back of the cell. Of the light which 
is absorbed by the algae growing under optimum con¬ 
ditions, about 80 per cent is converted directly into 
heat in the calorimeter, thus leaving only about 20 per 
cent which can possibly be stored as chemical energy 
in the carbohydrate and other plant material. 

Mechanism of Photosynthesis 

We are just beginning to understand something 
about the mechanism ol' photosynthesis. With nil the 
millions of dollars invested in agricultural research, it 
is strange that so little has gone into the fundamental 
process of photosynthesis which underlies all of agri¬ 
culture. Few studies on photosynthesis have been 
made by federal or state agricultural laboratories; 
and active programs of work in quantitative photo¬ 
synthesis has been in progress at only about a dozen 
universities and institutions. a Three symposia on 
photosynthesis have been held—under the Chemistry 
Section of the American Association for the Advance¬ 
ment of Science. 4 

The fundamental reaction of all plant life involves 
the combination of carbon dioxide and water. When 
u carbohydrate like sugar or cellulose is burned the 
reaction is represented us follows: 

carbohydrate + oxygen = carbon 

dioxide + water + 112 kilocalories 

l/n(CH 2 0) u + 0 2 = C0 2 

4- H 2 0 + 112 kilocalories 

If this reaction is reversed at least 112 kilocalories 
must be absorbed and, unless the processes are 100 per 
cent efficient in all their steps, the amount of energy 
required mny be much more. The reaction occurring 
in the plant is written as follows: 

n Including among others : University of Cullfornlu (Isotopic 
tracers ami mechanisms) ; Carnegie Institution of Wushlng- 
ton at Stanford [Till versify (plnut pigments nnd photochemi¬ 
cal efficiency) ; University of Chicago (median18ms, fluorcs- 
rente, Isotopic tracers, nnd photochemical efficiency) : Hnrvnrd 
Unlverslt.v (efficiency of forest growth) ; HopklnH Marine 
Station (enzyme reactions, photochemical efficiency, and viirt 
ous Algae) ; University of Illinois (general photosynthesis And 
photochemical efficiency) ; Iowa State College (absorption of 
light hy leaves) ; Kettering Foundation nt Antioch College 
(chlorophyll and related plant pigments) ; University of Min¬ 
nesota (chlorophyll and related pigments, photochemical elec¬ 
trical cells, isotopic tracers) ; Smithson Inn Institution (Influ¬ 
ence of color und intensity of light on plant growth) ; Uni¬ 
versity of Texas (protein production in algae) ; University 
of Wisconsin (photochemical efficiency and mechanlsma) ; 
MasHochUMetu Institute of Technology (direct utilisation of 
solar energy). 

1 Symposia. AAA9, Section C, Columbus. Ohio, 1930 ; Gib¬ 
son Island, Maryland, 1941; Chicago, Illinois, 1947. 
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carbon dioxide + water + chlorophyll + ;> 

112 kcal = carbohydrate + oxygen 
CO a + H a () + (chlorophyll) + > 

112 kcal of sunlight = l/i^CH^O),,+0 2 

Green light corresponds to 55 kilocalories per mole, 
and two photons must be brought together to provide 
this minimum of 112 kilocalories per mole. Red light 
of 40 kilocalories per mole requires nearly 3 photons 
Iwr molecule to meet the minimum energy requirement 
of 112 kilocalories. In actunl photosynthesis, we have 
found that about 10 photons are required for one mole¬ 
cule. Now this use by nature of several low-energy 7 
photons to do a high-energy job is unique. We haven’t 
done it yet with inorganic materials, and only in the 
last few years are we beginning to understand how 
nature does it. 

Several laboratory findings have contributed lo (his 
understanding. In the first place, earlier theories of 
photosynthesis were handicapped by the belief that 
photosynthesis is very efficient, about 60 per cent (19) 
instead of the 20 per cent now accepted. In the 
second place, important advances have been made 
recently in understanding enzyme chemistry 7 and the 
utilization of energy in yeast, bacteria, and other bio¬ 
logical systems. 

Many miscellaneous fuels are known concerning 
photosynthesis which are helpful in developing a sat¬ 
isfactory theory. Only a few can be mentioned here. 

Green chlorophyll absorbs the light, and acts as the 
intermediary for supplying the energy from the sun 
which is required in the complex series of reactions by 
means of which the carbon dioxide and water combine 
to give carbohydrate. Chlorophyll has intense ab¬ 
sorption bands in thr red and blue, but in thick layers 
it absorbs light throughout most nil of the visible spec¬ 
trum. The maximum efficiency of photosynthesis is 
nearly the same for red, blue, or green light. Res¬ 
piration, which is the reverse of photosynthesis, goes 
on continuously in plants. The plants, like animals, 
consume oxygen and give off carbon dioxide. The 
addition of glucose and other soluble organic foods 
increases the rate of respiration of plants, but it does 
not affect the rate of. photosynthesis. 

The Tatio of oxygen evolved to carbon dioxide ab¬ 
sorbed is often about 1 to 1, but this can be true only 
for the production of cellulose and other carbohy¬ 
drates. The ratio cannot be unity in those plants and 
algae which produce considerable amounts of proteins 
and fats. An exact determination of the oxygen- 
carbon dioxide ratio is helpful in giving information 
concerning the composition of the organic materials 
produced in photosynthesis. 

The photo reactions pile up fresh organic material, 
which is used by the plant in a series of reactions 
which £o on in the dark. Valuable information con¬ 


cerning the dark thermal reactions and the photo re¬ 
actions has been obtained by exposing plants to inter¬ 
mittent light with dark periods ranging down to frac¬ 
tions of seconds (G). Again the dark and light re¬ 
actions can be partially distinguished by changing 
the temperature because the dark reactions are ac¬ 
celerated by an increase in temperature whereas the 
photo relictions are nearly independent of tempera¬ 
ture. 

One of the newest and most promising attacks on 
the mechanism of photosynthesis lies in the use of iso¬ 
topic tracers. When plants are grown in carbon di¬ 
oxide which contains radioactive carbon, the first 
chemicals produced in photosynthesis are identifiable 
hv means of their radioactivity. Active and signifi¬ 
cant work is now going on with radioactive carbon 
(11). Experiments with wHter containing the heavy 
isotope of oxygen revealed the significant fact that 
the oxygen released in photosynthesis comes from the 
water (15) and that the oxygen of the carbon dioxide 
remains in the plant materials. 

With the help of these laboratory findings Hnd many 
others, a satisfactory hypothesis is beginning to un¬ 
fold. Following the primary photo reactions arc 
many thermal renetions which are aided by enzymes. 
The over-all energy requirement of more than 112 
kiloenlories is too great to be met by one unit of light, 
one photon, and the reaction must be carried out in a 
series of steps, one photon being used for each step. 

Apparently the carbon dioxide adds to an organic 
substance of low molecular weight and forms a car¬ 
boxyl or acid group. This new substance is subse¬ 
quently reduced by hydrogen made available through 
the photochemical dehydrogenation of water. Per¬ 
haps four steps are involved, each requiring a photon; 
and then four more reactions with four more photons 
are required to restore the hydrogen atoms to these 
intermediate compounds, ready to be used again. This 
gives a total of eight photons through a series of eight 
intermediate steps, which carry the hydrogen from 
the water to the carbon dioxide, thus releasing oxygen 
and forming the carbohydrate material, CH a 0. If 
this picture, proposed by James Franck, of the Uni¬ 
versity of Chicago, is correct we have a plausible ex¬ 
planation for the experimental fact that about ten 
photons are required. 

The Next Hundred Years 

When it oomes to predictions, the news reporters 
probably take delight in pushing the scientist out on 
a limb—just, to see the splash. However, on this 
100th anniversary there may be a legitimate demand 
for a little speculation. 

The days of easy geographical quest for more food, 
fuel, and power are over, and our frontiers now lie 
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in science and engineering. We con no longer afford 
to waste valuable fuel in fireplaces and stoves that 
send most of the heat up the chimney nor in low 
temperature engines that are thermodynamically in¬ 
efficient. An average steam locomotive converts not 
much more than 5 per cent of the heat of the burning 
ooal into useful work. In the future, it will be neces¬ 
sary to increase the efficiency of our utilization of 
sunlight, to conserve nil our resources, and to control 
the birth rate of the world's population. We have 
seen that we are now using only a small fraction of the 
solar energy which is available and that, theoretically, 
we should he able to appropriate a much greater 
part of it. We have seen thal present prosper,ts are 
not bright for the conversion of solar energy into 
electricul power through heat engines, thermocouples, 
or photochemical cells, blit revolutionary discoveries 
might well lead to more optimistic possibilities. 

Our discussion has emphasized the situation in the 
United States because it was difficult to obtain sta¬ 
tistical information regarding the utilization of sun¬ 
light over the whole world. We are emphasizing on 
this anniversary occasion, however, that science is 
worldwide. Let us add, then, that the area of the 
United States is hut a small fraction of the earth’s 
surface and that auy improved conditions must be 
thought of in terms of world application. In the 
tropics there is a greater opportunity for utilizing 
solar energy because the energy is greater than the 1 
kilocalorie per square foot per minute in the United 
States and the growing season is not confined to a 
third of a year. The soil and certain agricultural 
conditions are somewhat less favorable however, 
Also to be considered are the great areas covered by 
oceans where photosynthesis goes on in diatoms and 
other sen plants. Perhaps more organic material is 
being produced now in tfie sea than on the land. 

It is possible now to grow plants without soil, 
using barren sand or tanks of water containing the 
necessary chemical elements. This science of hydro¬ 
ponics has been developed to a point where such op¬ 
erations are practical, even if not economically com¬ 
petitive except in special areas. Probably the utili¬ 
zation of sunlight can be made more efficient in this 
way and the operation can be applied where there 
is no soil Hiitnble for ordinary farming. 

Let's consider one step further. What chance is 
there that we can combine carbon dioxide and water 
to give organic material without the agency of a liv¬ 
ing plant f We can perhaps find some combination of 
colored dyes und enzymes which will do what nature 
now does with green plants f This has not been done 
yet, but there is no obvious theoretical reason why it 
cannot be done some time in the future. As a matter 
of fact, if someone had asked me to guess ten years 


ago which would come first, atomic energy or photo¬ 
synthesis without the living plant, 1 would have 
guessed the latter. But now we have atomic energy 
—or at least we can have it. It resulted from the un¬ 
expected discovery of fission, an investment of five 
years of intensive cooperative research by many hun¬ 
dreds of scientists and engineers, and the expenditure 
of $2,000,000,000. The corresponding investment in 
photosynthesis has been negligible. A really large 
program of research on the greater utilization of solar 
energy might produce significant developments. Solur 
energy is our most promising resource in the long- 
range view. 

There is no assurance that photosynthesis outside 
the living plant will be any better or cheaper than 
present photosynthesis in plants. Very likely agricul¬ 
tural research similar to that already carried out will 
provide our best means for increasing the efficiency 
of our utilization of solar energy where the soil is good. 

Even if we could produce food without the growing 
plant, our present farms would not fear competition 
from the cheap land and bright sunshine of Arizona. 
Any type of artificial photosynthesis would probobly 
require shallow tanks, possibly of concrete covered 
with glass, and the investment would be too great to 
consider in economic competition. Moreover, any pos¬ 
sible development of this kind would come slowly 
enough to give ample time for economic and social 
readjustment. Scientists of the future should con¬ 
sider photnsynthesizing organic or inorganic products 
of an energy content lower than cellulose and carbo¬ 
hydrates. It might be easier. Possibly they might 
tackle the problem of muscular action produced by 
chemical reactions involving photosynthetic materia], 
thus attempting to follow the pattern of animal work. 
There are serious limitations in efficient conversions of 
food energy into animal work, but they are perhaps 
less well defined than the second law of thermody¬ 
namics, which limits the efficiency of heat engines. 

Looking less far into the future, what important 
changes are apt to comet We shall have to find ways 
to increase the food and fuel supply of land areas 
which are not now suitable for growing standard 
food crops. The wheat and meat of the limited, rich, 
farming lands cannot be used indefinitely to feed the 
world. Trees and quick-growing bushes and grass 
can be grown on poorer soil, and it is now perfectly 
practical to eat wood products. In fact, thousands of 
tons of wood yeast were used for human food in Ger¬ 
many during the war. Sixty-five to 70 per cent of 
most woods can be converted into sugars by heating 
with dilute sulfuric acid to 120°-150° C under special 
conditions (7) developed at the U. S. Forest Products 
Laboratory. This material can then be used tor grow¬ 
ing yeast and producing alcohol which can he used 
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for liquid fuel. The wood yeast is as rich in proteins 
as beef steak and can be used for food. 

These cellulose yeasts are cheap, and they possess 
splendid nutritive value, With intensive research on 
improving the flavor, this source of protein should be 
of great help in solving a food shortage, particularly 
in the tropics, where the large-scale production of 
meat is difficult. Nitrogen compounds must be sup¬ 
plied to these growing yeasts in order to produce 
proteins. Possibly this fixed nitrogen can be sup¬ 
plied directly from the nitrogen of the air by h new 
process in which the air is heated to a high tempera¬ 
ture. Present methods of utilizing sunlight to in¬ 
crease proteins include the feeding of plant material 
to chickens, hogs, and cattle. Fish farms should prob¬ 
ably be expanded in certain areas. Intensive research 
should be directed toward utilizing diatoms and other 
sea plants as food. They can be hydrolyzed to pro¬ 
duce sugars (hat can be used directly or as a means 
of producing edible proteins from yeast. The supply 
of aquatic vegetation in the ocenns is enormous; and 
in fresh-water lakes and streams the algae and w r eeds 
should be harvested anyway because they are often 
a nuisance. 

The utilization of farm products for local fuel is 
another development that can be around the corner, 
but the present cost of harvesting bulky, low-value 
products is high. If farm prices fall it may be more 
difficult for the farmer to pay cash for gasoline and 
oil for the tractors that have replaced the hay-eating 
horses. Wood and corn stalks and other cellulose 
material have been converted into alcohol—60 gallons 
to the ton. New developments of the Fischer-Tropsch 
synthesis of hydrocarbons assure us that it will be 
possible to convert waste organic material into carbon 
monoxide and hydrogen, which, with the help of iron 
and cobalt catalysts, can be converted into hydrocar¬ 
bons and satisfactory motor fuels. Research should 
be directed toward developing medium-sized units for 
farm areas- It must be determined under what con¬ 
ditions part of the fnrin products should be used for 
fuel and returned to the land to improve the soil. 

Some of these developments that I have suggested 
will come slowly, not because of technical difficulties, 
but because of economic circumstances. For the pres¬ 
ent, nature has supplied man with such abundant 
sources of fuel and food that he will not be pushed to 
these new things for some time unless there continues 
to be unequal distribution among the nations of the 
world due to war and political short-sightedness. It 
is comforting, however, to know that we can get more 
from the sun when we need it and that, theoretically 
at least, the scramble for oil and coal could be eased. 

Science must go forward, regardless of immediate 
practical applications, accumulating a reserve stock 


of knowledge that can be used in any emergency. 
We must learn how to use our rich heritage of sun¬ 
light more efficiently so that we can be prepared 
against such catastrophes as war, overpopulation, ex¬ 
haustion of oil and coal, and the return of the gla¬ 
ciers (4). The scientists, too, must cooperate with 
the social scientists and statesmen so that adequate 
preparations can be made for any social, economic, 
and political readjustments that may follow the scien¬ 
tific developments. 
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Uranium Deposits in the USSR 

D. B. Shimkin, Russian Research Center , Harvard University 


C ONTRARY TO POPULAR IMPRESSIONS, 
ft fnir a mount of authentic information has 
been published on the uranium resources of 
the Soviet Union. Because of widespread interest in 
Ibis subject, I believe it worth while to summarize 
the pertinent facts. 

According- to Vernadskii (2ti, especially pp. 56-70), 
Russian research on radioactive minerals began in 
1900-1003 with the work of I. A. Antipov in the 
Fergana Valley (40° to 41° N, 70° to 73° E) of 
Russian Central Asia. Beginning in 1909 the Im¬ 
perial Academy of Sciences initiated more ambitious 
investigations. All previously gathered information 
was sifted carefully, so that field work in 1911-1913 
could be concentrated on the most promising locali¬ 
ties; the Fergana Valley, Siberia, the Caucasus, Trnns- 
caucnsus, and Urals. By 1914, indications from the 
Caucasus and Transcaucnsiis had become negative. 
In the Urals no indication of deposits of sufficient size 
for commercial exploitation could be found. Two 
areas appeared promising. One wus Tyuya Muyun 
(40° 21' N, 72° 0' K) in the Fergana Valley, with 
deposits of tyu yam unite, Ca (UO a ) a V a O R 0 H 2 0, 
closely comparable to the camotite of the American 
southwest. 1 The other was the northwest slopes of 
the Khaimi r-Da ban Range (51° to 52° N, 103° to 
106° E), especially near Slyudyanka (51° ,40' N, 
103 35 hi) and along the Trans-Siberian railroad 

between Baikal and Kultuk immediately across Lake 
Baikal, characterized by sites rich in mcndelyeevite, 
with the probable composition, 2 CaO ■ 2(Ti, U)() a ■ 
(Nb, Ta) a 0{i, strikingly similar to betnflte and allied 
niobium-tuntaluin-urunium minerals of Madagascar. 2 

In 1914, a three-year program of research was 
authorized for the Academy of Sciences. The largest 
sums were to be devoted to expeditions in the Baikal 
area and the Fergana Valley, with lesser amounts go¬ 
ing for investigations of the placer inonazite deposits 
of the Transbaikal and for various minor projects (26, 
pp. 71-80; 10, pp. 15-16). While World War I pre¬ 
vented full accomplishment of the program of the 
Academy of Sciences, enough was done to establish 
that only the Fergana Valley and the Baikal area 

1 Peranum f4, p. 47) anil Klrlkov (12, v . 42) give an 
nUernaMve analyaiH. V,tl, ■ 2 VO, - CaO ■ wH,0. The repine*, 
innit or the C_V 4 hy 2 K+ grJven the formula of cHrnotlte, cf 
Hetekbrln (I. p, 234), 

J Thlu affinity w ah reman ImiI by V. I. VermulnhU In 1914, 
f, f- P- 2afl ; sw alfKj it, p, 270, and for betaflteH, is. 1, 
302. 


had possibilities of commercial development (10 f pp. 
15-16). By 1918, the new Soviet government began 
pressing for the resumption of laboratory and Held 
investigations of radioactive minerals; on January 1, 
1922, scattered radiological facilities in the USSR 
were combined in the Governmental Radium Institute 
of the Academy of Sciences, headed by V. I. Ver- 
mulskii (10, pp. 19-35). 

This new Institute concentrated its efforts on the 
site of Tyuya Muyun. An important reason for this 
decision wnn the fact that small-scale commercial 
operations had been begun there in 1008. Between 
1908 and 1013 Lhe Fergana Company had mined 2,- 
088,000 pounds of ore, 1,512,000 pounds of which had 
been Hcnt to its plant in Leningrad for refining. Ac¬ 
cording to Company records, the ore contained, on the 
average, 2.36% V, 0.97% U a O a , und 3.73% Cu (10, 
p. 19). Scientific study of Tyuya Muyun and the BUr- 
rounding area, which had been conducted sporadically 
since 1914, was pressed throughout the decade 1024- 
1934. Detailed investigations and construction of ex¬ 
ploratory and operating shafts permitted analyses of 
the site by Fermnun (1) in 1928, Kirikov (J2) in 
1929, Pavlenko (19) in 1933, and Butov and Zailsev 
(2) in 1934. 

The Tyuya Muyun deposit is a vein field in highly 
metamorphosed Paleozoic limestone, closely—but prob¬ 
ably not genetically—associated with extensive karst 
channels and caves. The vein field consists of at least 
five (1933) barite ore veins bearing uranium, va¬ 
nadium, and copper minerals and of over 30 pure 
barite veins. The productive veins are found near the 
center of the deposit, being located along a line con¬ 
forming with the NE 70° strike. The barite veins 
extend up to 1,500 meters from the center; the maxi¬ 
mum depth of the main vein may reach 500 meters 
(12, especially pp. 63-5, 19). 

The ore bodies within the productive veins vary in 
thickness from 1.5 meters to a few centimeters, and 
correspondingly in length. Run-of-the-mine ore aver¬ 
ages 1.5% U a O B , with a range of 0.6 to 4.0%, the 
higher values being found in the lower horizons. 
However, the uranium oxide content of the amor¬ 
phous, brown, cupro-uranium carbonate lenses asso¬ 
ciated with the knrst stalagmitic core rune from 26.12 
to 50.25%, Also noteworthy tire the uranium-free 
radiobarites—(Ba, Ra) S0 4 —and radiocarbonatea— 
RaC0 3 —established in relatively high concentrations 
at both lower and upper horizons of the deposit (4, 
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12), The irregularity of the Tyuya Muyun deposit 
has made impossible the estimation of reserves; the 
mine produced 534 metric tons of hand-sorted ore in 
1925-26 (? } pp. 571-573). By 3936, according to 
Nikitin (18), the quantity of radium extracted from 
the Tyuya Muyun ores and from radioactive waters 
near Ukhtu (approximately 63° 35' N, 53° 40' E) 
whs enough to meet the needs of the Soviet Union. 

The origin of the Tyuya Muyun deposit is highly 
controversial. Cureful examination of the literature 
has led the writer to believe that (1) the originnl 
source of the uranium has not been satisfactorily es¬ 
tablished; (2) that deep, relatively low-temperature, 
hydrothermal processes, possibly connected with the 
Variscenn revolution of the Upper Paleozoic, appear 
to have been the primary agents of deposition; (3) 
that subsequent orogenie movements (Alpinef) faulted 
the deposit ; (4) that the post-Eocene karst redistrib¬ 
uted the deposit, partly destroying veins, partly recon¬ 
centrating ores. Interesting parallels may be found 
with the Ukhta radium-bearing wells, particularly in 
regard to the high concentrations of radium, tneso- 
thorium, and barium (.?, .7). 3 

Explorations in other parts of the Fergana Vulley 
have also been undertaken. In 1928, numerous indi¬ 
cations of intense radioactivity were discovered in the 
western part of the Valley, but no uranium deposits 
(22, 23). In 1923, however, V. I. Popov published 
un account of the discovery of a uranium deposit at 
Uigar-sai or Atbash (41° 02' N, 71° 12' E) on the 
northern side of the Fergana Valley. Geologically, 
the site was said to be closely similar to carnolite 
deposits in Colorado and Utah. It is characterized by 
young, stream-deposited lenses of urano-vanadium ore, 
some of considerable size and richness. "In terms of 
its high percentage of content, dimensions of indi¬ 
vidual ore bodies, and probable reserves, the urnno- 
vanudimn deposit discovered at Uigar-sai does not 
yield to ninny carnotile sites in the U. S. A. The 
deposit is found under very favorable economic con¬ 
ditions, being situated at an automobile road; it is to 
undergo survey in 1939” (21). 

Volfson’s comprehensive survey of nietallogenesis in 
the western Tian Shan range (27) also gives brief 
details of other newly discovered deposits at Taboshnr 
(40° 37' N, 66° 30' E) and Mnili su (41° 18' N, 
72° 27' E). In the first of these, which has also been 
described by Mashkovtsev (15), uranium pitch (pitch¬ 
blende?) is associated with bismuth glitter, wolframite, 
arecnopyrites, and sulfide polymetallic (lead, zinc) 
deposits. According to Mushkovtsev’s preliminary re> 

■Thin Interpretation In supported by h. A, Osipov's iSvetets- 
taya Gevlogiya, 1941, No. S, 88-45) association or the Per- 
anna uranium deposits ss a group with Paleosolc oiMwarluj? 
marine formations. 


port of 1928, the indicated uranium content of the 440c 
is only of the order of 0.12-0.2%, which probably 
deprives it of economic significance. In the second 
site, infiltrations of urano-vanadium compounds are 
associated with tertiary limestones. Neither site was 
being commercially exploited in 1940 (27). 

In evaluating the significance of the Central Asiatic 
sites, it should be noted that, according to the Soviet 
prospecting plan for 1940, search for uranium and 
radium was to be concentrated in that area ((9). 

Two other recent finds of uranium-vanadium ores in 
Central Asia may be mentioned. In 1937, Gotmun 
(9) published an account of the deposit at Agalyk 
(39° 32' N, 60° 52' E); petrographic analysis of sur¬ 
face finds here established that tyuyumunite was the 
most frequently occurring ore. The geology of the 
site remuined unclear; some evidence of primary 
deposition existed, but secondary hydrothermal depo¬ 
sition could not be excluded. Sampling at ground- 
water depths (50-60 in) would therefore be necessary 
to establish the potentialities of the site; no data are 
available as to whether such sampling has been under¬ 
taken. In 1940-41, the presence of uranium was 
established by Tyurin (24) in a vanadium site in the 
northwestern tip of the Karatau Range (44° 30' N, 
67° 30' E). It represents a sedimentary deposit with 
subsequent metamorphism which hn.s created a reiter¬ 
ated interbedding of thin bands of vanadium ores 
(with uranium-mineral accumulations) with flint 
hands. The total amount of uranium in the ore body 
(which extends for 25-30 km, with a thickness of 
10-14 in) is great; but the improbability of finding 
large pockets of uranium and the difficulty of sepa¬ 
rating the disseminated uranium from vanadium on a 
large scale are serious obstacles. According to Tyurin, 
the preliminary surveys of 1942 should be followed by 
more extensive explorations of the area. 

In the area of the Khamur-Daban Range, serious 
investigations have been undertaken only at Slyud- 
yankn f which is significant as a phlogopite mieu 
deposit. Luchitakii and his collaborators (15 , pp. 74- 
95, 146-7, 236) verified the presence of mendclyeevite 
and established the existence of two phases, crystalline 
and amorphous, with differing compositions and phys¬ 
ical properties. For instance, two analyses of the 
crystalline phase yielded 36.75% Ta a O h nnd no NhnO,; 
14 analyses of the amorphous phase, 39.46% Nb s O n 
and 3.82% Ta 2 0 B . Total uranium-oxide content in all 
samples ranged from 19.70 to 28.00%. 

From an economic standpoint the results at Slyud- 
yanka seem to be negative for mendelyeevlte was 
found only rn the pegmatite veins of two parts of the 
deposit, in which it appears generally to play a sub¬ 
ordinate role. The productive sector (Zayavka No. 5) 
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consists of a large mass of Pre-Cambriun crystalline 
limestones, penetrated by a 200-meter-thick band of 
biotite and bio tile-granitic gneisses, which in turn are 
interlaced—in places, virtually engulfed—by the thick 
pattern of pegmatite veins in which mendelyeevite 
has been found, The bulb of the phlogopite veins of 
the sector are associated with the pegmatite-gneiss 
rone of contact. 

Despite the seemingly negative picture at Slyud- 
yankn, the widespread development of formations 
closely resembling the productive sector of this deposit 
from the Sayan Range (approx. 50° N, 100° E) 
northeastward to the Aldan gold fields (approx. 58° 
N, 125° E) cannot be ignored (6, pp. 382-3, 467-0, 
552-600). A genetic association may exist between 
niobiuni-tantalum-uranium ores and phlogopite mien; 
their immediate proximity at Slyudyanka and their 
relative proximity in Central Madagascar (Volon- 
nndrongo and Ambutof'otay) raise unanswered ques¬ 
tions. 4 Thus the discovery of three major phlogopite 
mica deposits in the Aldan gold field area—Emeldzhik 
(approx. 58° 22' N, 120 p 40' E), Kuranakh (58° 46' 
N, 125° 35' E), and Chuga or list Nelyuka (58° 00' 
N, 123° 0' E)—heightens the probability of corre¬ 
sponding uranium finds to an unknown degree (20). 

Finally, it should be mentioned that Fersman ( 6 , 
pp. 480-484, 579) attached great importance to fur¬ 
ther study of the Ukrainian maguetito-orLite pegma¬ 
tites, particularly in the areas of Novograd Volynskii 
(50° 30' N, 27° 40' E) nnd Berdyansk-Mnriupol’ 
(46° 40' N, 30° 50' E to 47° N, 37° 30' E). He em¬ 
phasized the likelihood of large, unexpected dis¬ 
coveries of Nb, Ta, U, Ti, and other minerals in these 
areas. 

In brief, Soviet discoveries of uranium in Central 
Asia within the last decade, while in no sense ap¬ 
proaching the great significance of the African nnd 
Canadian deposits, appear to provide a possible basis 
for the development of atomic power in that area. It 
must be stressed that all of the Central Asiatic deposits 
are found within h radius of 250 miles from the im¬ 
portant hydroelectric plants of the Tashkent area, 
which produced 882,000,000 kilowatt-hours of energy 
in 1943 (28 , p. 53). Labor, transportation, and cli¬ 
matic conditions arc also favorable here. 

*Spp IS, 1, pp. 305-302, 474-470; IT, pp. 122-135, 145- 
147. 


Possibilities for the discovery of significant uranium 
deposits associated with pegmatites in the region be¬ 
tween Lake Baikal nnd the Aldan gold fields, and in 
the Ukraine, nlao exist. 
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TECHNICAL PAPERS 


Pentavalent Manganese 1 

H. H. Miller and L. B, Rogers 2 
Oak Ridge National Laboratory 

In fused alkaline melts, the lower oxides of imuignncNO 
react with oxygen until an oxygen-to-manganese ratio of 
Hbnul 2.5 is established (,5). For aqueous media, re¬ 
liable evidence pointing to the existence of pentavalent 
manganese has only recently been reported (4). The 
present pnpcT will show that such n valence state can be 
detected polarogruphicully in strongly alkaline solutions. 

A solution containing 1.00x10'" M potassium perman¬ 
ganate and 0.10 M sodium hydroxide was deaerated with 
nitrogen and then polarographcd, using n stationary 
platinum electrode (tf) and an outside saturated calomel 
electrode (H.C.E.). The resulting curve is shown in 
F,g. 1. 



VOLTAGE VS 5,CC 
Flo. 1. 


The first step of the reduction (E s = + 0.33) has a dif¬ 
fusion current corresponding to a one-electron change 
(for the particular electrode which was employed) and 
a formal oxidation potential of - 0,58 v, versus the nor¬ 
mal hydrogen electrode. Since the permanganate reaction 
has a normal potential of -0.54 v (£), the first wave 
can definitely be assigned to this reaction. The second 
(Ej = +0.13 v) and third steps (E 4 = + 0.01 v) also have 
diffusion currents corresponding to one-electron changes. 
Hence the reactions taking plane must be Mn v * v 
and Mn v -* iv. The fourth (and last) step beginning 
close to —0.2 v must be due to the reduction of Mn lv . 
The irregularity of the step can easily be explained by the 
fact that the electrode is covered with a visible layer of 
precipitated manganese dioxide. 

l Thls work was performed under contract No. W-Bfl-05B^ 
eng.-Tl between the Atomic Energy Commission and the 
Monsanto Chemical Company. 

1 Present address: Department of Chemistry, Massachusetts 
Institute of Technology Cambridge 39. Massachusetts, 


There is indirect evidence that the lifetime of pentava- 
lent manganese in 0.1 M hydroxide is not more than a 
few r minutes. The polnrogrnphic half-wave potentials and 
and diffusion currents appeared to he independent of the 
rnte at which the motor-driven slide-wire changed the 
voltage. On the other hand, a current-voltage curve ob¬ 
tained by a manual method (7) resulted in n single 
broad wave. It was not surprising, therefore, Lhat an 
attempt to produce pentavalent manganese by electroly¬ 
sis of raangunate at a suitable potential («?) produced a 
largo amount of manganese dioxide. The solution had 
a bluish color (similar to chromous sulfate) which agrees 
with the work of Lux (4). 

Preliminary studies have also been made in other con¬ 
centrations of sodium hydroxide. In a 1.0 M solution, 
the polnrogram is very similar to the one described for 
n 0.10 M srilution; but in a 0.010 M solution, the manga- 
nate is reduced directly to mnngnnese dioxide in a single 
two electron step. A more complete study of changes in 
half wave potentials with the concentration of hydroxide 
will be necessary before the reactions of the Mn v ion 
can be described accurately. The results of such a study 
will help in predicting the behavior of technetium ions. 
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Note on the Genetics of 
Hypercholesterolemia 

R. M. Steelier and A. H. Henh 

Department of Medicine, City Hospital, and 
Department of Biology, Western Reserve University, 
Cleveland , ONo 

An important aspect of the expanding interest in hu- 
pian genetics is the detection of carriers of hereditary 
diseases, both in the sense of normal heterozygotes of 
recessive defects, as in some forms of epilepsy (4), and 
in the sense of those individuals who exhibit some pre¬ 
disposing condition without showing the characteristic 
symptoms rif the disease, e,g. hyperuricemia in gout (7), 
It is elementary in all cases to determine dn the basis of 
numerical tests the mode of inheritance^ the gene fre¬ 
quency, penetrates, and so on. Bom, et al . (i) have 
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recently published data on hypercholesterolemia a dis¬ 
turbance of cholesterol metabolism which ‘ ‘ may be the 
common denominator in most patients who have coronary 
artery disease.At Boas ' suggestion and with his kind 
permission, the following analysis of their data was un¬ 
dertaken. Those authors studied the families of patients 
chosen been use they lmd proved coronary artery disease, 
the symptoms of which began before the age of 50. 
Fifty families yielded 37 families which could be used for 
a numerical test of the mode of inheritance, because they 
included more than one child in each family and at least 
one sibling per fnmilj r was affected with hypercholestero¬ 
lemia. Study of these 37 families revealed 11 families 
of 2 children, with 14 affected; 10 families of 3 children, 
with 22 affected; 10 fnmilies of 4 children, with 11) 
affected; 2 families of 5 children, with 6 affected; and 4 
families of 6 children, with 6 affected; giving a total of 
67 affected out of 126 children. When the numbor ex¬ 
pected to be affected for these 37 families is calculated 
oil the basis of a 1: 1 ratio, using the corrective factors 
for small family size given by Hogbcn (J), for hereditary 
characters with complete penetrance, the result is 70.5 
expected affected, with a standard deviation of 4.8. 

This is clearly an excellent fit to a 1; 1 Mendolinn ratio, 
which is obtained in the case of n dominant trait when 
one parent is heterozygous for a dominant defective gene 
and the other parent is homozygous for the recessive 
normal allele, or which is obtained in the case of a re¬ 
cessive trait when one parent is homozygous for the re¬ 
cessive defective allele and the other is heterozygous 
normal. Since the data do not include the parents, a 
decision can be reached only tentatively as to which one 
of these two possibilities is a priori more probable. Data 
somewhat similar to those of Boas, et al . have been ob¬ 
tained and analyzed by us for the inheritance of Ilebcr- 
deirs nodes (6‘) and hyperuricemia (8), in comparison 
with similar cases in the literature which were shown 
more conclusively to be due to autosomal dominance. Wc 
are thus led to the conclusion that hypercholesterolemia 
is an autosomal dominant trait with complete or nearly 
complete penetrance. As iu research on many other 
hereditary conditions, the gene frequency, linkage rela¬ 
tions with other genes, and confirmation of its mode of 
inheritance as n dominant with complete penetrance re¬ 
quire further investigation. 

Boas, ct al. arbitrarily selected a concentration of 300 
mg/100 ml as indicative of hypercholesterolemia, pur¬ 
posely choosing a high level to eliminate the influence of 
minor elevntions. This happy choice has been entirely 
justified by the data of Peters and Man (J), who, in a 
study of 174 determinations in normal individuals, found 
an average scrum cholesterol of 194.1 mg ± 35.6 mg/100 
ml. Three times this standard deviation above the mean 
gives a limit of normality of 300.9 mg/100 ml. Such a 
figure, that is, would allow only 1 or 2 persons in 1,000 
to be above 300 mg and still be classified as normal in 
cholesterol concentration in the blood serum. 

Certain people with hypercholesterolemia may be con¬ 
sidered to exhibit a genetic trait characterized by this 


chemical abnormality. It is not at all certain that the 
genetic form of thiB abnormality can be identified by one 
chemical determination without regard to age, sex, diet, 
or other conditions of metabolism which may elevate the 
level temporarily—any more than one blood sugar deter¬ 
mination identifies unqualifiedly a diabetic, or one uric 
acid determination identifies a gouty individual. Further 
investigation may reveal hypercholesterolemia as an in¬ 
born error of metabolism (£) similar to gout, albinism, 
cystiuurin, or pentosuria, which are definitely dependent 
upon genetic factors. Constitutional hypercholesterolemia 
may offer an organic explanation for some cases of 
familial nngina pectoris and coronary artery disease, as 
well as familial xanthelasma and xanthomatosis. 
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The Flowering and Seed-Setting of 
Sweet Potatoes in Puerto Rico 

H. E. Warmka end H. J. Cruzado 

tederal Experiment Station, M ayaguez, Puerto Rico 1 

The work of Hartman (J) reporting complete failure 
of flower formation in Jersey-type sweet potatoes and 
tho more recent work of Mikell, Miller, and Edmond (i) 
have prompted us to report certain observations on tho 
flowering of sweet potatoes in Puerto Rico, 

Thirteen of 10 varieties grown in field plots at the 
Federal Experiment Station flowered during the fall 
and winter of 1947—48. Theae were grown from sprouts, 
set in the field in July. PlantB were trained up on 0' 
chicken-wire trellises and were kept thinned by constant 
pruning, following the methods of Miller (J). It was 
not found necessary to girdle the plants. 

Among the varieties which flowered was one of the 
difficult-to-flower Jersey types, Orange Little Stem. Two 
out of three plants of this variety included in the trials 
began to flower early in December aud continued through 
the middle of January.” These flowers opened at the 
same hour and were very similar in appearance to the 
flowers of other varieties. Microscopic examination of 

» Administered by the Office of Experiment Stations, Agri¬ 
cultural Research Administration, IJ. S, Department of 
Agriculture. 

• It may be reported that this variety again started flow¬ 
ering In August 1948. 
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the pollen showed it, also, to be similar to that of the 
other varieties, with considerable variation in sice and 
many shrunken grains. Anthers and stigmas were nor¬ 
mal and functional, except in one or two flowers, whore 
the anthers failed to dehisce and appeared to be sterile. 
In all, a total of about 50 blossoms were producod, gen¬ 
erally one or two per dny, and these on particular 
branches. Three plants of another Jersey variety, Mary¬ 
land Golden, grown similarly failed to flower. 

One hundred fifty-three crosses were made, using 
Orange Little Stem as the pollen parent and various of 
the moist-flesh varieties as female parents. Of these, 
only 6, or 3.9% (involving B-5028, UPE-3, Dim Juan, 
Hiid Marneyn), wore successful and set seed. This is a 
low percentage of set but compares favorably with 492 
crosses made at the same time among moist-flesh varieties, 
of which only 17, or 3.5%, were successful. Heeds also 
were obtained from several open-pollinated Orange Little 
Stem flowers, thus proving this variety to be both male- 
und female-fertile. The open-pollinated and hybrid seeds 
were sent to Dr. C. E. Btoinlmucr, at Beltaville, for 
germination, distribution, and testing under a cooperative 
sweet potato-breeding agreement. 

It is of interest that W. K. Haile} r , working at this 
station more than 3 0 years ago, also reported flowering 
in Jersey varieties (7, £). He brought Big Stem Jersey, 
Vineland Bush, and Yellow Jersey into flower and suc¬ 
ceeded in crossing the first two of those with moist-flesh 
varieties. Moreover, at least some of these crosses pro¬ 
duced offspring. This early work of Bailey and the 
production of flowers by Orange Little Stem here at 
MayagueK this post season indicate thnfc the Jersey 
varieties will flower and probably are not fundamentally 
very different from the moist-flesh varieties, with regard 
to flowering, if grown under the proper environmental 
conditions. 

The conditions under which the Jersey varieties have 
flowered here are: (1) an avernge annual rainfall of 80" 
which fnllB off from a high of 11" in August to 2.5" in 
December; (2) a mild temperature, with average maxima 
and minima for August of 90° and 08° F, respectively, 
nnd for January of 80° and 02° F, respectively; (3) a 
day length which varies from 13.2 hrs in June to 11.0 hrs 
in December, with a yearly average of about 8 hrB of sun¬ 
shine per day. Under these conditions, sweet potatoes 
behave as perennials and grow throughout the yeur. 

Most moist-flesh varieties flower and seed profusely in 
Puerto Rico. This past season, plants of B-5988 and 
Mamoya frequently produced 60-100 new blossoms each 
1 Vf and were literally covered with seed eapBulos. It 
is also of interest that some of these varieties appear to 
lose their seasonal flowering response in Puerto Rico. 
The varieties B-5928, UPR-3, and Mameya, which began 
flowering in November, 1B47, did not return to a vegeta¬ 
tive state at the end of the usual flowering period, but 
continued to flower during the spring and summer months. 
This flowering was not as profuse as during the fall 
and winter, but some buds and flowers were in evidence 
continually. 

Other Jersey varieties, including Yellow Jersey, Red 
-Jersey, Big Stem Jersey, and Vineland Bush, and the 


new wilt-resistant introductions, 103055, 153907, and 
153909, huve been included io the breeding project for 
the coming season. This station will cooperate with 
the Division of Vegetable Grops nnd Diseases of the 
Bureau of Plant Industry, Boils, and Agricultural Engi¬ 
neering, at Beltsville, and the sweet potato breeders of 
the southern states in an attempt to combine the desirable 
root character is tics of the JeTsoy varieties with the vigor, 
high carotene content, and fusarium wilt resistance of 
some of the moist-flesh varieties, through hybridization. 
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Influence of Texture of Food on 
Its Acceptance by Rats 

Anton J. Carlson and Frederick Hoelzel 
Department of Pby»iology, Untveriity of Chicago 

It is knovrn that rats often eat only the germ part of 
whole kernels of corn and leave the starchy part when 
sufficient corn or other food is available. The gnawing 
out of the germ part of corn by rats usually seems to be 
so precise that it has been regarded as u reliable method 
of determining the proportion of germ in kernels of corn 
and also ns evidence of a high n nutritional 1. Q. in 
rats. Borne rats, nevertheless, eat the white starchy part 
of kernels of corn as well ns the germ part but still 
leave the flintlike yellow part of the kernels and sepa¬ 
rated skin, which obviously has a considerable '‘edge re¬ 
sistance. " It therefore appeared possible that the rats 
ate the germ part or germ and white starchy part of 
corn because these parts are of softer texture than the 
yellow part and skin. 

To test this possibility further, 12 rats on an other¬ 
wise adequate diet and in separate cages were provided 
on alternate days with a supplement of dry kernels of 
corn and one with kernels that had been soaked in water 
at room temperature from 24 to 48 brs. In practically 
all instances the rats ate nil but the skin of the soaked 
or softened kernels of com, while only the germ part or 
germ and white starchy part of the dry or hard kernels 
was eaten. It seems doubtful that a diffusion of tasty 
substances 'throughout the kernels of the corn, as a result 
of soaking in tap water, explains the difference in the 
parts consumed. It is more likely that soaked corn is less 
tasty than dry corn, but soaking evidently makes kernels 
of corn more completely edible. 

The influence of the texture of food on its acceptance 
by rats was also noted by us in previously reported 
studies. Thus, in a study on rats fed vegetarian self- 
selection diets (I), it was found that no dry green peas 
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iir dry soybeans were eaten, but, when they were provided 
in the soaked or softened state, substantial amounts of 
peas (excepting the skin) and some soybeans were eaten. 
In a study of the effect of the addition of various types 
of bulk-formers to the diet of ruts (#), it was also 
found that the food intake was influenced considerably 
by the texture of the added bulk-former. Thus, the 
growth of young rats, particularly females, was retarded 
much more by the addition of 10% ground cellophane 


(40 mesh) to the diet than by the addition of 10% cellu¬ 
lose flour (Gellu Flour), The acceptance of food by rats, 
like the acceptance of food by man, is therefore influ¬ 
enced more or less by the texture of the food. 
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The Influence of Brief Periods of 
Strenuous Exercise on the 
Blood Platelet Count 

E. B. Gerheim and A. T. Miller, Jr. 

Laboratory of Applied Physiology and 
Department of Physiology, School of M edicine. 

University of North Carolina 

Reports in the literature on the effect of exercise on 
the blood platelet, count have been conflicting. Behrens 
( 1) found that rowing over a course 6 km long or run¬ 
ning a distance of 200-400 m always caused an increase* 
of 18-20% in the platelet count of trained and untrained 


oub exercise), or for 2 min at 12 mph, zero grade (ex¬ 
hausting exercise). The severity of the exercise was 
judged oil the basis of the subjective impressions of the 
subject and the magnitude of the leucocytosis. The 
platelets wore counted in a certified counting chamber 
using the diluting fluid of Rees and Eckor (6). Daily 
blank counts were made on the diluting fluid in order to 
avoid artifact errors. Leucocyte and erythrocyte counts 
wore also made in most of the experiments. In each ex¬ 
periment platelet counts were made on blood samples 
obtained before exorcise, immediately after exercise, and 
at intervals of 10, 30, 60, and 90 min during the recovery 
period. 

The data on the platelet counts are recorded in Table 
1. The dntn on leucocyte and erythrocyte counts are 


TABLE 1 

Effect ok Rhihk Periods ok Exercise on tub Blood Platelet Count* 


No. 

of 

experiment a 

Intensity 

1 of 
exercise 

Blood platelet* (thousanda/TOm") 

I're- 

exerclse 

Minutes postcxerelae 

0 

JU 

30 

60 

00 

13 

8 

i 

Strenuous 

Exhausting 

213 ±15 

212 ±13 

208 + 19 

108 ±18 

205 ± 18 

107 + 17 

201 + 17 

200 ± 10 

105 ± 16 

1015 ± 15 

106 ± 10 

107 ± 12 


* The duration nf the periods of strenuous exercise was G min and of the periods of exhausting exercise 2 min. 


men. Isaacs and Gordon (JJ estimated that the number 
of platplets was increased 2-3 times after a race lasting 
2.5-3 hrs over a 26-mile course. Biggs, MacFarlane, and 
Pilling (2) observed platelet increases of approximately 
20-40% in subjects running up flights of stairs for 
periods of 2-12 min. Krlstenson (4), on the other hand, 
found no significant change in the platelet count after 
exercise of moderate intensity that lasted 1.5-9 hrs. Dif¬ 
ferences in the type and duration of the exercise and in 
the technique of collecting the blood nnd making the 
platelet counts may account for these discrepancies. Our 
experience in counting platelets has convinced us that 
counts are unreliable unless they are made quickly after 
the sample is obtained and that the importance of 
meticulous technique cannot be overemphasized, The data 
in this paper represent a large number of platelet counts 
on one subject, in moderately good training, who per¬ 
formed at two standardized grades of exercise. 

The exercise consisted In running on a treadmill for 5 
min at a speed of 7 mph and a grade of 17.5% (strenu- 


omitted because they are in accord with previous 1 studies 
on exercise of comparable intensity (5), It is apparent 
that there was no increase in the platelet count in short 
periods of exercise. 

The lack of increase in the platelet count in these ex¬ 
periments, in spite of increases of 60-100% in the leuco¬ 
cyte count, may be interpreted as evidence against an 
appreciable storage or sequestration of platelets. The 
extreme fragility of platelets, however, renders them 
readily susceptible to mechanical trauma, and it is pos¬ 
sible that the greatly increased circulation velocity dur¬ 
ing exercise may destroy enough platelets to mask a 
moderate increase in numbers. The small postexercise 
decline in platelet count seen in moBt of our experiments 
is probably to be explained on this basis. 
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The Zone of Localization of Anti-Mouse- 
Kidney Serum as Determined by 
Radioaucographs 1 

David Prauman,- Ruth F. Hill, and Frank W. Foote 

Sloan-Ktttcrimg Institute for Cancer Research , 

Memorial Hospital, New York City, and 
Division of Laboratoriet and Research, 

New York State Department of Health , Albany 

It has been shown previously by Pressman and Keigh¬ 
ley (4) that antiserum prepared against rat kidney ac¬ 
tually localises in the kidney after intravenous injection 
into a rat. This was accomplished by iodinating the 
globulin fraction of anti-rat-kidney serum, prepared ne 
cording to the method of Bmadel (tf), with iodine con 
taining tracer amounts of I iai and following the locali¬ 
zation of the radioactivity in the kidney of the rat in¬ 
oculated with this preparation. Similar results with mice 
have since been obtained with antiserum prepared against 
niouse-kidiiey tissue (,?). By using iodine with a sufti 
cient admixture of l 181 , it hns been possible for us to 
obtain radioautographs of the kidney tissue of mice in¬ 
jected iutravenouBly with the rndioiodianted globulin 
fraction of nuti-mouse-kidney serum, and thus to de¬ 
termine more precisely the region of localization within 
the kidney. 

In the experiment reported here, two mice were in¬ 
jected intravenously with the radioiodinated globulin 
fraction of nnti-mouse-kidney serum prepared similarly 
to the radioiodinated globulin fraction of anti rat-kidney 
Horum described previously (4). Two control mice were 
injected with the radioiodinated globulin fraction of antl- 
mouHe-plasina serum, prepared similarly, using the serum 
from rabbits which had been injected with mouse plasma. 
Huch scrum does not localize in the kidney as does the 
nntl-mouse-kidney scrum. Each mouse injected with the 
antikidney preparation received 0.3 ml of solution con¬ 
taining 3.3 mg of protein combined with 17 jac of radio- 
iodine and, in the case of the mice injected with the anti- 
plasma fraction, 4.8 mg of protein, combined with 13 4 c 
of radioiodine in 0.3 ml of solution, was used. Five days 
after the injection the animals were sacrificed. A blood 
■ample was obtained before death from the dorsal aorta, 
and then the kidneys, spleen, and liver wore removed with¬ 
out perfusion. One kidney, one half of the liver and 

1 This research was aided by grants from the Office of 
Naval Research and the American Cancer Society. 

1 Senior Fellow In Cancer Research, American Cancer So¬ 
ciety Fellowship recommended by the Committee on Growth 
of the National Research Council. 


spleen, and nil the blood were used in the preparation of 
samples for the determination of the radioactivity content 
of the tissue. The results are given in Table 1. The 


TABLE 1 

Radioactivity ok Tinhukb ok Mick inoculated With 
Radioantihhba 5 Days After Inoculation 





Antiserum used 




Antikidney 

AnHplMmn 




serum 

serum 

Protein 

Inoculated 

(nig) .... 

3.3 

4.8 

Kudin Lodi lit* on protein at the 



lime of Injection 

(MC) . 

17 

13 




Activity of 1 iHHlle 


TlHNiie 


(uc/irrnni, 3 dnyH 




lifter liinculntion 1 

Kidney 



0.23 

0.0 K 

Liver . 



.08 

.00 

Spleen 



.lfl 

.13 

Ii loud 



.27 

,21 


other kidney und the rest of the spleen and the liver 
were fixed in 10% formalin and subsequently sectioned. 
Meet ions 10-p, thick and the blocks remaining after sev¬ 
eral sections had been cut were used in the preparation 
of radioautographs. The blocks were set up on East¬ 
man Kodak medium lantern slides, while the sections 
were set up on Ausco No Screen X-ray film, according to 
the method described by Marinelli and Hill (£). 


A B 

Flu, 1. Radioautographs of blocks of kidney I Issue. 

A—from mouse Injected with radloantl-mause-kldney 
serum ; B—from mouse Injected with radlnautl-moiiHe- 
plttsma serpin. 

Fig. 1 shows the radioautographs of the kidney tissue 
blocks. The kidney fronts the mouse receiving the rudio- 
nntikidney serum showed a definite accumulation of 
radioactivity around the cortex" (Fig. 1A) while the kid- 

0 This Is Id accordance with the results or Heymann and 
bund {Science, 194S, 108 , 448), who found that nephrotoxic 
antisera are produced from the cortical rather than the 
mednllary kidney tissue. 
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ney from the mouse receiving the radionntiplaamn scrum 
showed no such accumulation (Fig. IB). No accumula¬ 
tion wbb observed with either the liver or the spleen of 
the animals receiving the nntikidncy serum or the anti- 
plasma serum. Fig. 2 shows the rudioautographs of the 
kidney sections. In the sections from the animal re 
ceiving the radioantikidney serum there was « punctate 
accumulation of the radioactivity (Fig. 2 A), while this 
was not the case for the kidney of the mouse receiving 
the rndionntiplasma serum (Fig. 2H). Also, there wan 
no such accumulation of radioactivity in the spleens or 
livers of the animals receiving either radioantikidney or 
radioantiplasmn serum. With those tissues, very faint 
and diffuse radio autographs were obtained due to the 
radioactivity content of the blood in the orgnu. 


a n 

Fiu. 2. Hudloruitognipha of sections of kidney I Issue. 

A--from mouse Injected with mdloHiill-mouse-kldney 
serum; D'-from mouse Injected with radloun tl-mouHO- 
plnsmn serum. 

Upon comparing the inicrophotogTaph of the kidney 
from the animals receiving the radioantikidney serum 
with an enlargement of the radioautograph, it was quite 
clear that the localization of the radioactivity and pre¬ 
sumably the radioantibody was taking place in the glo¬ 
meruli of the kidney. Thie point will be discussed more 
fully elsewhere (tf). 

The concentration of the antikidney serum in the glom¬ 
eruli is not due to a nonspecific pickup by the kidney of 
foreign substances or to the fact that the radioactive 
material may pass through the kidney in its excretory 
path. The evidence for this is the fact that the radio- 
an tipis sine serum control contains substances of the same 
nature os radioantikidney serum, except for the specific 
kidnoy antibodies, and does not show any localization in 
the kidney. Similarly negative results were Bhown by a 
r h dioantiovalbumin serum, The radioactivity concentra¬ 
tion in the various tissues for the two sera described here 
were quite similar except in the case of the kidney (Table. 
1 ). There the concentration of the radioactivity in the 
kidney of the animal receiving the radioantikidney Berum 
was about three times that in the kidney of the animal 
receiving the contrpl serum. The radioactivity in the 
kidney of the mouse receiving the control lerum was es¬ 
sentially all due to the blood in the kidney, since mouse 
kidneys contain about 30-35% blood (I). , The greater 


amount of radioactivity in the kidneys of the animal 
which received the antikidney serum must have been due 
to the kidney antibodies. 

The localization of I 131 in the glomeruli ns shown by 
the radionutographs is pTobubly a result of the corre¬ 
sponding localization of the specific antibodies to glom¬ 
erular tissue. 

These experiments were repeated with other prepara¬ 
tions of radioantikidney serum with similar results. 

Reference* 

1. Kamsh, X , and PiikhhmaN, I>. To be publ lulled. 

2. Makinki.i.i, L. It., mid Hir.l., II. F. Amcr. J. Kvt'ntffenol. 

rad. Therap., 104R, 59, 300. 

3. ritESNMAN, B. To be published, 

4. I'rehnman. It,, find Kkichlky, (.!. J. Immunol., 1048, 59, 

144. 

.1. Nmaiiel, J. E. J. riep. Mid., 1030, 64, 021. 

Growth of Potato Sprouts Retarded by 

2.4.5- Trichlorophenoxyacetic Acid 1 

Ora Smith, J. H. Ellison, and Fred McGol^rick 

Department of Vegetable Crops, Cornell University 

Guthrie (J) first discovered that methyl ester of 
a-tiRphllnilcne acetic acid, when applied to potato tubers, 
retards the growth of sprouts. Many potato growers are 
now using this chemical on a commercial scale to prevent 
sprouting of potatoes in storage. Smith, Rnezn, and 
Ellison (£) found during the 1945 season that this chem¬ 
ical also retards sprout growth of potatoes in subsequent 
storage when it is applied as a sprny to the potato plants 
during the growing season. During the 1940 season the 
authors found that two spray applications of 2,4,5-tri- 
chJorophenoxyacetie acid (2,4,5-T), 25 ppm on July 19 
and 50 ppm on August 20, retarded subsequent sprout 
growth of potatoes to the same degree as two applica¬ 
tions of methyl ester of nnplithnlene acetic acid (MENA), 
2,000 ppm on July 19 and 2,000 ppm on August 20. 

In the spring of 1947 tubers of the flebngo variety 
were treated separately with MENA and 2,4,5-T in iso¬ 
propyl alcohol and water and applied as a spray at the 
rate of 1 gm of cheraical/bushel of potatoes. Although 
both chemicals significantly retarded sprout growth as 
compared with untreated tubers, sprouts of thoBe treated ’ 
with MENA had significantly less weight than those of 
tubers treated with 2,4,5-T. 

During the 1947 growing season spray applications of 
sodium naphthalene acetate (sodium NA), 500, 1,750, 
nnd 3,000 ppm, compared with applications of sodium 

2.4.5- T at 50, 175, and 300 ppm, were made to plants 
of the Sebago vnriety. The effect on sprout growth 
during subsequent storage at 50° F from October 25 
to February 20 is shown in Table 1. 

In all cases sodium 2,4,5-T retarded sprout growth to a 
greater degree than sodium NA, although the latter was 
applied in concentrations 10 times the former. There 

1 Paper No. 801, Department of Vegetable Crops, Cornell 
University. 
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were no signifiesnt differenced in yields of potatoes be- soaking the toothpicks. One set of toothpicks was soaked 
tween any of the treatments. In distilled water for comparison. After the picks were 


TABLE 1 

W’KIUHT ok Sl'HGfTH 1'KH TOBKH 
(ConcentruMon of spray In ppm) 


Sodium Sodium Sodium Sodium 

Date of ---------- 

application NA 2.4,5-T NA 2.4,5-T NA 2.4,0-T NA 2,4.5-T 

500 50 1,750 175 5,000 300 Mean Mann 


(RTn) (gm) ((fin) (um) (gm) (gm) (gm) (gm) 

Aug. 1 . 2.30 1.70 2.27 1.22 2.27 0.87 2.28 1.20 

Aug. 22 . 3.07 2.DS 2.82 2.25 3.13 1.07 3.01 2.80 

Sept. 10-. 3.22 2.73 3.18 2.75 8-10 2.88 8. IB 2.77 

Menns . 2.8(1 2.40 2.74 2.07 2.83 1.88 2.81 2.14 

Untreated : 3.17 gm 


Sodium NA uol significantly different from untrented nt ID : 1. 

Sodium 2,4,5-T significantly lower than sodium \A or untreated nt DD:1, 


During the spring of 194H potato tuhern of the Houma 
variety were treated in open baskets in storage with dust 
forms of MENA (1 gra/bushcl) and isopropyl ester of 
2,4,5-T (0.9 gm/bushel). Both treatments significantly 
reduced the weight of sprouts produced; treatment with 
MENA, however, resulted in greater retardation than 
treatment with isopropyl ester of 2,4,5-T. 

It was assumed that one of the reasons for less re¬ 
tardation of sprout growth by isopropyl ester of 2,4,5-T 
compared with MENA was due to lesser volatility of tlu* 
former. During the storage season early in 1948 potato 
tubers were treated with the chemicals in dust form 
indicated in Table 2 and stored at 50° F for 10 weeks 
in closed paper bags to confine the volatile sprout re¬ 
tardant in the atmosphere immediately around the tubers. 


TABLE 2 

Effect ok Tbeatinu Potato Tobbhs With Bi'ROUT 
Retardants 



Treatment 

Wt. of sprout* 
(gm/tuber) 

1.0 gm of 

Isopropyl ester 2,4,5-T/bushel 

2.D1 • 

0.5 “ “ 

“ .i 

8.70* 

1.0 “ " 

MENA 

1.4flt 

Un (rested 


10.81 


•Significantly lower than untrented lots nt odds 00:1. 

t Significantly lower than any other treatment at odds 
BB: i. 

To obtain information on the penetrability of 2,4,5-T 
into tubers and its subsequent reaction on sprout growth, 
the following experiment was conducted. Ten toothpicks 
soaked for one week in saturated solution of sodium 
2,4,5-T were inserted about 1" into each tuber. After 
storage for three months at 50° F, treated tubers worn 
just beginning to sprout, whereas several sprouts 3" to 4" 
long developed on each of the untreated tubers (Fig. 1). 

The toothpick technique was further employed to in¬ 
sure-equal penetration of sodium NA and sodium 2,4,5-T 
into comparable sets of tubers. Aqueous solutions of 
1.000 ppm of the two respective salts were used for 


soaked 5 days they were inserted into Houma tubers of 
similar size and one series of untreated tubers (no tooth¬ 
picks) was included as a control. Eight replications 


Pifi. 1. Left: Tuber*. pierced with toothpicks which 
hurt been soaked In n saturated solution or aodlum 
2,4,5-T (10 tootliplcks/tuhcr). Right: Untreated con¬ 
trol tubers. 

were used. Table 3 shows the effect of the above treat¬ 
ments on number and weight of sprouts. Single tuber 
plots were used and each value is the mean for 8 tubers, 

TABLE 8 


Treatments 

No. of 
sprouta/ 
tuber 

Wt, of 
sprouta/ 
tuber 

Toothpicks soaked In sodium 
NA (1,000 ppm) . 

3.0 

2.90 

Toothpicks soaked la sodium 
2,4,5-T (1,000 ppm) . 

5.0 

2.01 

Toothpicks soaked In distilled 
water . 

12.1 

0.24 

Untreated control (no tooth¬ 
picks) . 

11.4 

10.08 


No significant difference was found between the sprout 
growth of tubers with distilled water-treated toothpicks 
and tubers with no toothpicks. Bprouting was reduced 
very significantly by both sodium NA and sodium 2,4,5-T, 
but no significant difference was found between the two 
in their effect on number or weight of sprouts. Further 
work is being conducted with other more volatile forms 
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of 2,4,5-T to determine its practical value ab a sprout 
retardant on a commercial scale. 
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A New Dietary Factor Related 
to Xanthine Oxidase 1 

W. W. Veatcrfild and Dan A. Richert 

Department of Btocbemiitry , 

Syracuse University College of Medicine 

Measurements of the xanthine oxidase activity in rat 
livers by the method of Axelrod and Elvehjem (J) have 
demonstrated that, in order to obtain normal liver 
xanthine oxidase levels on diets containing adequate ribo¬ 
flavin, two other dietary factors are essential. These are: 
(1) adequate protein, as originally indicated by Me- 
t^uarrie and Yenosa (6) t and (£) mi unidentified factor 
found in raw cream and liver, both good sources of 
xanthine oxidase. 

Rats are born without any detectable xanthine oxidase 
nativity in the liver, even when their mothers are on an 
adequate diet and have normal levels of xanthine oxidase 
in their own livers at the time of birth. Small amounts 

TABLE 1 


Casein (GRI VII. Testl . 21% 

Crisco .. 4 

Wesson oil . 2 

Cofl-llver oil . 1 

Hult mix (l'timips and Hart) . 4 

GliK-oHc . <IH 

Choline chloride ... 100 mg% 

Nicotinic acid . 2.5 

Ca pantothenate . 1.0 

Riboflavin . 0.4 

Thiamine . 0.4 

Tyrhlnxine . 0.4 


appear in the liver during the nursing period, and when 
the rats Hre weaned at 21 days of ago, the average ac¬ 
tivity is 720 units (C ailll O s /gm of dry liver/hr). This is 
loss than half of the 1,550 units of activity found as nn 
overage for mature rats maintained on an adequate diet. 
If such weanling rats are placed on a diet containing 
21% purified casein or 8% casein plus 13% peanut pro¬ 
tein or 21% egg albumin plus biotin, the liver xanthine 
oxidase remains at approximately the starting level for 0 
weeks. The 21% casein diet is given in Table 1; all 
other diets mentioned are identical except for the specific 
differences noted. When weanling rats are fed Purina 
dog chow (21% protein), the liver xanthine oxidase is 
brought to a normal level of 1,535 units in two weeks. 
If the Wesson oil and Crisco in the 21% purified casein 
diet are replaced by an equal amount of raw cream (6%), 
the liver xanthine oxidase activity of weanling rats is in- 

i Supported by a a rant from the Nutrition Foundation, Inc. 


creased to 1,300 units in two weeks. If 5% dried whole 
liver replaces an equal weight of casein in the diet, the 
liver xanthine oxidase remains low for two weeks but is 
increased significantly after four weeks. Similarly, feed¬ 
ing a 21% crude casein diet does not affect the liver 
xanthine oxidHBc activity within two weeks, but gives 
levels of 1,260 units after four weeks. 

Those experiments demonstrate that a 21% protein diet 
is adequate in providing the necessary protein for normal 
xanthine oxidase levels in the liver if another dietary 
essential is also incorporated in the diet in adequate 
amounts. In the relative absence of this unknown factor 
the starting levels of liver xanthine oxidase remain un¬ 
changed. Whon limited amounts of the factor arc sup¬ 
plied, as with the liver nnd crude casein diets, the 
xanthine oxidase activity remains low for a period of 
time and then increases rather suddenly. Feeding n rela¬ 
tive abundance of the factor, ns with Purina dog cliow 
and, to a lesser extent, the raw cream diet, gives a rapid 
increase to normal levels. 

Rats fed on 8% casein diet (81% glucose) have essen¬ 
tially no .xanthine oxidase nativity in the liver after four 
weeks whether they were started as weanlings or were first 
brought to normal levels of activity by being fed Purina 
dog chow for two weeks. Ruts brought to a zero level of 
xanthine oxidase activity by feeding them an 8% casein 
diet remain at the zero level when 6% raw cream re¬ 
places the Crisco and Wesson oil in the low-protein diet. 
Hence, supplying the dietary factor found in Taw cream 
is ineffective in the absence of an adequate protein in¬ 
take. Such zero levels of xanthine oxidase activity can be 
restored to normal by feeding dog chow; feeding the 21% 
purified casein diet allows a slower increase in the ac¬ 
tivity, indicating tho presence of some of the unidentified 
factor in the diet containing purified casein. 

The above experiments were carried out with animals 
obtained from Albino Farms. Sprague-Dawley rats have 
a lower xanthine oxidase level in the liver at weaning, 
averaging 430 units. They show considerably less indi¬ 
vidual variation at this time, but require appreciably 
longer dietary periods to bring the activity in the liver 
to normal levels. 

Supplementing the 21% purified casein diet with biotin, 
inositol, p-nminobenzoic acid, pteroylglutamlc acid, rutin, 
ergostanyl acetate, adenine, rZ-ribose, and additional ribo¬ 
flavin did not give normal xanthine oxidase levels in the 
liver. It is suggested that this dietary factor necessary 
for normal liver xanthine oxidaBe activity may be related 
to the unidentified component of the prosthetic group of 
xanthine and aldehyde oxidases (£, 3, 4). 
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Comments and 
Communications 

The Miticidal Properties of Di (p-Chlorophenyl) 
Methyl Carbinol in Laboratory 
Insect Rearings 

Controlling mites in cultures of insects has long been 
a problem in ninny laboratories. The use of the chemi¬ 
cal di (p-chlorophcnyl) methyl carbinol appears to offer 
a solution to this problem. 

The highly specific miticidal action of di (p -chloro- 
phenyl) methyl carbinol has proved useful in this labora- 
tor} r for the control of Npecies of mites, presumably Ty- 
roglyphus and Pcdiculoi-dcs spp., infesting insect cultures. 
A dust, 2 per cent by weight, was prepared, using the 
technical product (supplied by The Sherwin-Williams Co., 
Agricultural Chemicals Division) and pyrophyllite. This 
preparation has completely eliminated mites infesting 
cultures of the pomace fly (Droiophila melanogaster ), the 
webbing clothes moth (Tineola bisselliella ), the confused 
flour beetle (Tribolium confusum ), the American roach 
(Fcriplaneta americana ), and tlie rice weevil (iSitop/irfuA 
orysa) without producing any observable mortality in the 
egg, immature, or adult stages of these insects. In addi¬ 
tion, the following insects have been completely covered 
with the dust without any deleterious effects: black carpet 
lwctle larvae (Attagenus piceus), grouse locusts ( Tctti- 
flidae), and the large milkweed bug (Oncopeltus faciatux). 

Best results have been obtained by generously applying 
the dust to the insect itself, sprinkling upon the surface 
of the culture media, or by mixing the dust intimately 
with the culture media. 

Paxjl A. Dahm and Carl L. Bauer 
Department of Entomology, 

Kansas State College, Manhattan 

Is There Laterite in Rocks of the Dakota Group? 

During an inspection trip in Gage County Soil Con¬ 
servation District, Nebraska, in 1943, the senior author 
noted the close similarity of certain beds of the Dakota 
group to the laterite of Buchanan. The material is a 
hard, cellular, sluglike " ironstone ,'* ranging in color 
from red to yellowish brown and dark brown. In Gage 
County this material overlies reticulately mottled red and 
liffht-gray kaolinite clay beds of the Dakota group and of 
kinds that occur at several different horizons within the 
Dakota of Cretaceous age. 

In the spring of 1048, 0. G. Stephens, head of the Soil 
Survey of Australia, who was shown several outcrops in 
Saline and Ellsworth counties, Kansas, stated that some 
of the ironstone was closely similar to the u fossil 
I h ten tee" of Australia, and that the mottled kaolinite 
flay beneath was also a typical companion material. Re¬ 
cently the authors have reviewed some of the literature 
on the Dakota formation, have studied many outcrops in 


Nebraska and Kansas, and have reached the following 
tentative conclusions: (1) that the Dakota, group includes 
more than one horizon that contains material essentially 
like the laterite Arst described by Buchnnuu in India; 
(2) that this material probably represents a former sub¬ 
soil horizon of an ancient soil; (3) that these ancient 
soils presumably were essentially like Marbut's ground¬ 
water laterite soils, described iu the Amazon Valley, and 
were farmed during periods when subsoil water fluctuated 
seasonally up and down in what is now u cellular iron¬ 
stone. 

Ground-water laterite soils occur most extensively, at 
present, under tropical climates with fluctuating, high 
water table or with periodic seepage. Climates with alter 
listing wot and dry seasons are especially favorable to the 
formation of ground-water laterite soils, with their sub¬ 
soil horizons nf laterite. Present knowledge suggests that 
a long time is required for the formation of these soils. 

According to various authors, the plant fossils of the 
Dakota group) include persimmon, walnut, tulip tree, fig, 
laurel, sassafras, and others that suggest a somewhat 
warmer climate during the formation of the Dakota group) 
beds of Nebraska and Kansas than the present one. 

The writers have collected specimens and descriptions 
of lafceritc-like material and associated massive ironstones 
and kaolimtic clays from the Dakota group beds for fur¬ 
ther study. They exp»ect to prepare a more detailed 
paper on the subject, nnd feel that a pedological inter¬ 
pretation will give a better understanding of the morphol¬ 
ogy nnd genesis of certain beds of the Dakota group than 
lines been attained to date. 

James Thorp and E. C. Beep 
V. S. Department of Agriculture, Division of Soil Survey, 
Lincoln , Nebraska , and 

Conservation and Survey Division, University of Nebraska 

On the Site of Discovery of the "Male Sterile" 
John Baer Tomato Mutant 

In Science of May 14, 1948 (p. 506) the writer re¬ 
ported the finding of a new type of "self-sterility” ap¬ 
plicable to hybrid tomato seed production. The site of 
find was not mentioned. This omission has had embar¬ 
rassing consequences because a syndicated news rewrite 
of tlie article, rather excusably, implied the mutant wns 
first observed at the West Tennessee Experiment Station. 
Actually it was first found, by the writer, in September 
1945 while attending a field day at State College, Penn¬ 
sylvania. It occurred as a single mutant rogue in a 
trial row of the variety John Baer growing in the horti¬ 
cultural plots at the Pennsylvania Agricultural Experi¬ 
ment Station. The plant was called to the attention of 
R. E. Larson, who kindly consented to share cuttings. 

During the past year numerous requests for seed have 
come to the writer. To avoid possible duplication of 
effort by those interested in working with the plant, it is 
pointed out 'that this identical mutant has also been 
distributed by Dr, Larson. 

W. E. Roeveb 

West Tennessee Experiment Station 
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Book Reviews 


introduction to chemical thermodynamic* . (2nd oil.) 

Luke E, Bteiner. Now York-London: McGraw-Hill, 

1048. Pp. xiv + 510. $6.00. 

This book has been prepared to introduce tho subject 
of chemical thermodynamics, including the fundamental 
theory and application of the various useful thermo¬ 
dynamic functions to chemical systems. For this second 
edition a number of sections have been rewritten and 
new material has been added, including, particularly, ex¬ 
pansion of the materia) on real gases and of tho statisti¬ 
cal calculation of thermodynamic functions, The author 
has made a strong effort to bring the text up to date 
from the standpoint of references to source datn ill the 
literature and to existing compilations on'chemical ther¬ 
modynamic properties. Those parts of the first edition, 
found through teaching experience to lack clarity or logic, 
have been rewritten. Latest values of the fundamental 
constants are used. 

This book is recommended to those desiring an intro¬ 
duction to thermodynamics. 

FREDERICK 1). KoHHINI 

National Bureau of fitandardx 

The recruitment, selection, and training of social scientists . 

(Bull. 58 .) EJ bridge Sibley. New York: Social Sci¬ 
ence Research Council, 1948. Pp. xv t 163. 

To help orient the fellowship policies of the Social 
Science Research Council, in the face of the shortage of 
social scientists coincident with the expanding need for 
their services, Dr. Sibley undertook an analysis of tho 
factors currently affecting the flow of personnel into tho 
field. In his study, us is indicated in the title, problems 
of recruitment, selection, and training were given careful 
attention. The fourth component, employment outlook, 
was deliberately omitted on the assumption that with 
improvement in the other three aspects, competence, pub¬ 
lic recognition, and confidence will increase, and oppor¬ 
tunities for professional employment will almost auto¬ 
matically improve. 

The data utilized permit not only comparisons among 
the several social science disciplines but also crosB-com- 
parison with the natural sciences. Though this report 
interprets the data with respect to the conditions in the 
nodal sciences, those specializing in the natural sciences 
will find much to interest them. 

The study of potential and actual recruits to the social 
sciences is comforting to the extent that it makes clear 
that not all the ablest members of the academic genera¬ 
tion are being drawn away from the social sciences and 
that, man for man, the best social science graduate stu¬ 
dents arc as bright as the best graduate students in the 
natural sciences. A warning note is sounded, however, 
l>y the larger proportion of those with apparently medio¬ 
cre and inferior endowment in the social science group, 
as compared with the natural sciences. The pressure of 


the mediocre ami inferior students apparently has had an 
undesirable effect on the quality of the training for the 
better-endowed undergraduate students majoring in the 
social sciences. The graduate departments in social sci¬ 
ence are, therefore, forced to begin thoir training at a 
level far lower than is done in other graduate science 
departments. In considering remedies, caution is indi¬ 
cated in the light of the large proportion of social science 
students who have no interest in careers as scientific re¬ 
searchers—the latter being the group with which Bibley 
lias been most concerned in this study. 

We cannot here review the full complement of the 
findings of thin study or the variety of implications dis¬ 
cussed. Anyone interested in the continued development, 
of the social sciences should find this report worth read¬ 
ing. For those concerned with the training of future 
social scientists, it is a must. 

Eugene L. Hartley 

The City College of New York 

A symposium on the use of isotopes in biology and medi¬ 
cine, , Madison: Univ. of Wisconsin Press, 1048. Pp. 

ix + 445. $5.00. 

The twenty papers included in this hook were presented 
as a symposium at the University of Wisconsin in Sep¬ 
tember 1947, Nineteen scientists contributed, all of 
whom are most competent in their specialties. The Uni¬ 
versity of Wisconsin committee, which arranged the sym¬ 
posium, is to ho congratulated cm the quality of tho 
contributors and on the choice and arrangement of topics. 

Hans T. Clarke opens the symposium with a brief ac¬ 
count of the history of biotopes in biochemistry. This 
is followed by a group of 3 papers dealing with ways of 
obtaining isotopes: the means of separating stable iso¬ 
topes (Harold C. Urey) ; the methods of preparing the 
numerous radiouctive ones (Glenn T. Seaborg) ; and 
the availability of both stable and radioactive isotopes, 
particularly those distributed by the Atomic Energy 
Commission (Paul C. Aebersold), Next follows a group 
of 3 papers on the assay of isotopes. Alfred O. Nier 
deals with the detection of stable isotopes, with special 
reference to the mass spectrometer; Charles D. Coryell 
reviews the principles of measurement of radioactivity; 
and Martin D. Kamen describes the application of these 
principles to the assay of radioisotopes in hiologiccil 
material, with special emphasis on tritium (H a ), short¬ 
lived carbon (C*i) and long-lived carbon (C 1 *). These 
authors are followed by Donald B. Melville, who presents 
important examples of the synthetic procedures used In 
incorporating tracer atoms into organic molecules. 

After the foregoing groups of articles dealing with 
techniques, there follow 6 reviews of results obtained with 
tracers: in protein metabolism (David B. Sprinson); in 
intermediary carbohydrate metabolism (Harland G. 
Wood); in intermediary metabolism of lipids (Konrad 
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Bloch); in mineral metabolism (David M. Greenberg); 
In iodine metabolism and thyroid function (I. L. Chaikoff 
and A. Taurog) ; and in general medicine (Joseph G. 
Hamilton). 

Therapeutic applications of radioisotopes are described 
ill two papers by Byron E. Hall (radiophosphorua) and 
by Saul Hertz (radioactive iodine). Health hazards in 
the use of radioisotopes are discussed by William F. Bale, 
primarily from the standpoint of the physicist, and by 
James J. Nickson from the standpoint of the physician. 
The book ends with thought-provoking essays by Harold 
C. Drey, on international aspects of atomic energy, and 
by Farrington Daniels, on the development and applica¬ 
tions of atomic energy. 

The book in general is clearly written. Although it 
was lithoprinted in order to speed production, it is quite 
legible. Errors are few, and these are concisely listed 
on a single sheet. The illustrations include photographs 
of all the contributors and the chairmen of the various 
sessions. 

Although various other works on isotopes in biology 
lmve been and arc appearing, the authoritative nature of 
most of the contributions to this book make it a most 
useful addition to the library of the “isotopic” biologist, 
particularly if he is interested in tracers. 

Raymond E. Zirkle 

Vniversity of Chicago 

Cbymia; annual atudies im the biitory of cbemhtry. (Ed¬ 
gar F. Hmith Memorial Collection: Univ. Pennsylvania, 

Vol. I.) Tenney L. Davis. (Ed.) Philadelphia: Univ. 

of Pennsylvania, 194ft. Pp. xiv + 190. (Illustrated.) 

$3.50. 

Situated lit the University of Pennsylvania is one of the 
most important collections of rare books, prints, and 
manuscripts relating to the history of chemistry to be 
found anywhere in the United States. This collection was 
originally the private library of the late Edgar Fnhs 
Smith, provost and historian of chemistry at the Univer¬ 
sity. After bis death in 1928, Mrs. Hmith presented the 
library to the University, endowing it so that it might 
grow and flourish. This it has done, as several important, 
collections have since been added to it, thereby enriching 
its resources. 

With the recent publication of Chymia , one of Dr. 
Bmit.h ’0 dreams is brought to fruition, for he had wanted 
to establish a journal devoted to the history of the sci¬ 
ence with which his name was so long identified. As 
stntod in the Introduction by Eva V. Armstrong, curator 
of the Smith Collection, '' Chymia is intended to promote 
international scholarship in the history of chemistry, to 
bring a glimpse of the Edgar Fahs Smith Memorial Col¬ 
lection to those who would drop in for a visit some after¬ 
noon if it should be physically convenient to do so, and 
to provide a meeting ground for those who And pleasure 
in studies such as it reports." In spirit and in format 
this first volume of 13 articles admirably embodies the 
purposes expressed above. 

The book opens appropriately enough with the last 
paper written by the late C. A. Browne (1870-1947), him¬ 


self a distinguished historian of chemistry, whose librnry 
has very recently been added to the Collection. Browne’s 
paper, “Recently acquired information concerning Fred¬ 
rick Accum, 1769-1838,“ is u subject on which he had 
previously written. Claude K. Deischer follows with a 
memorial tribute to Dr. Browne and concludes with a 
bibliography of his writings on the history of chemistry— 
the list of 148 published and 17 unpublished papers speaks 
for itself. F. Sherwood Taylor trauscribes and discusses 
an English alchemical poem, and Henry M. Leicester tells 
how Mendeleev promulgated the Periodic Law. Tenney 
L. Duvis, well-known historian of pyrotechnics nnd editor 
of Chymia, provides an interesting account of the early 
use of potassium chlorate in the making of fireworks, and 
George Urdung, historian of pharmacy, writes learnedly 
and charmingly on the chemical and pharmaceutical his¬ 
tory of calomel. 

One of the most important contributions is a paper by 
Sidney M. Edelstein in which is published a hitherto un¬ 
known letter by Joseph Priestley. This appears to settle 
conclusively the famous controversy as to the parts played 
by Watt, Cavendish, Lavoisier, and Mongo in discovering 
the chemical constituents of water. 

It is evident that with this first volume of Chymia a 
new and important medium for the publication of studies 
in the history of chemistry and related sciences has ap¬ 
peared. May succeeding volumes continue on the high 
plane of scholarship and readability set by this first 
offering. 

Morris C. Lkikind 

Library of Congress , Washington, D.C. 


Scientific Book Register 

Barnett, Lincoln. The universe and Dr. Einstein. 
(With a foreword by Albert Einstein.) New York; 
William 81oane, 1948. Pp. 127. (Illustrated.) $2.50. 

BremeKAMP, C. E. B. Notes on the Acanthaoeae of Java. 
(Nederl. Akad, Wet., Verh. (Tweede Sectie), Dl. XLV, 
No. 2.) Amsterdam: N. V. Noord-Hollandsche Uitgev- 
ers Maiitschappij, 1948. Pp. 78. 

Goddard, Robert H. (Goddard, Ehther L\, and Pkn- 
delay, G. Edward, Eds.). Socket development: liquid- 
fuel research 1929—1941, New York: Prentice-Hall, 
1048. Pp. xx + 201. X Illustrated.) $6.50. 

Johnston, H. F., et a1 . Magnetic results from Muancayo 
Observatory, Peru , 19SJS-19JS and Magnetic results 
from Euancayo Observatory T Peru, 19S6-1944- (Vols. 
X-A and X-B, respectively.) Washington, D. C.: Car¬ 
negie Institution, 1948. Vol. X-A: Pp. vi+609. (Il¬ 
lustrated.) $3.25, paper; $3.75, cloth; Vol. X-B: Pp. 
v + 385. $2.00, paper; $2.50, cloth. 

Snyder, H. R, (Ed.-in-Chief.) Organic syntheses, 
(Vol, 28.) New York; John Wiley; London: Chap¬ 
man & Hall, 1948. Pp. vi + 121, (Illustrated.) $2.50. 
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NEWS 
and Notes 

Beno Gutenberg, profeasor of geo¬ 
physics and director of the California 
Institute of Technology Beisinological 
Laboratory, and Charles F, Richter, 
associate professor of seismology, will 
attend the 7th Pacific Science Congress 
lasing held in New Zealand early in 
February. Both Dr. Gutenberg and 
Dr. Richter will present papers on 
special problems in seismology as re 
latod to the Pacific area. 

Robert H, Cole, associate professor 
of chomistry. Brown University, will 
become the new department chairman 
July 1, followijig the resignation of 
Paul C. Cross. At that time Prof. 
Cross will assume his now duties as 
head of the Chemistry and Chemical 
Engineering Department at the Uni¬ 
versity of Washington. Donald F. 
Homig, assistant professor of chem¬ 
istry at Brown, will become director 
of its Metcalf Research Laboratory. 

Roger L, Geer of the College of 
Engineering at Cornell University has 
boon appointed national chairman of 
the Committee on Inspection and Gag¬ 
ing for tho Instrument Society of 
America. Prof. Geer, who initiated 
the first formal instruction in precision 
measurement at Cornell, supervises the 
Gage Laboratory which is being de¬ 
veloped to include equipment for in¬ 
struction and service to that area. 

Frederick Wyatt was recently ap¬ 
pointed chief psychologist at Cushing 
Veterans Administration Hospital, 
Framingham, Massachusetts. Dr. 
Wyatt will continue in his capacity as 
associate professor in the Clark Uni¬ 
versity Department of Psychology. 

Gerhard Herzberg and Leslie E. 
Hewlett, of the National Research 
Council of Canada, became, respec¬ 
tively, director and associate director 
of the Division of Physics, effective 
January 1. Dr. Horzberg, former pro¬ 
fessor of spectroscopy at the Unvarsity 
of Chicago, had been acting as a prin¬ 
cipal research officer. In his new 
position ho succeeds JL W« Boyle, who 


retired last October. Dr. Howlett has 
been in charge of optics on the NRC 
staff since 1931. 

M. H. Harnly, of Washington 
Square College, New York University, 
will address the Section of Biology of 
the New York Am demy of Sciences 
February 14 at 8 P. M, on the subject 
“A Morphological Interpretation of 
the Effect of Temperature Upon De¬ 
velopment. ’ 1 

Clarence E. Davies, executive sec¬ 
retary of the American Society of 
Mechanical Engineers, was recently ap¬ 
pointed a term trustee of Rensselaer 
Polytechnic Institute. 

Wallace Richards, formerly assist 
ant director of the Carnegie Museum, 
Pittsburgh, Pennsylvania, assumed the 
duties of director January 1, upon the 
retirement of O. E. Jennings. Dr. 
Jennings has been made director emeri¬ 
tus of the Museum. 

Lawrence H. G a hag an, of New 

York City, has been appointed consult¬ 
ing psychiatrist in the Department of 
Health and Hygiene, Vassar College. 
Dr. Gahagan was at ono time an as¬ 
sistant professor of psychology at the 
University of California, Los Angeles. 

Visitors to U. S. 

J. C. Saha, of the Department of 
Botany and Mycology, Presidency Col¬ 
lege, Calcutta, India, who has until 
recently been acting as visiting re¬ 
search follow in forest pathology at 
Yale University is now eii route to 
India, making visits to English and 
French institutions on the way. Dur¬ 
ing the past two years Dr. Saha has 
been visiting various U. S. and Cana¬ 
dian universities and state agricultural 
experiment stations, completing his 
Ph.D. requirements at West Virginia 
University. 

Leslie Paul Greenhill, chief techni¬ 
cian of the Visual Aids Centre, Uni¬ 
versity of Melbourne, was recently ap¬ 
pointed research assistant on the staff 
of the Instructional Film Research 
Program at Pennsylvania State Col¬ 
lege. Mr. Greenhill recently arrived 
from England where he spent a year in 
study of the production and utilization 
of instructional films and, while there, 
represented Pennsylvania State Col¬ 


lege at the second annual Congress of 
the International Scientific Film Asso¬ 
ciation. 

Rudolf Florin, director of the Bo¬ 
tanical Garden, Stockholm, Sweden, 
(Science, Oct. 15, p. 400), has been 
presenting a seminur series at the 
University of California, Berkeley, on 
the nature of the female reproductive 
organs in fossil Cordnites, Coniferales, 
and Tuxads. Before arriving on the 
West Coast, T)r. Florin had given the 
Prather Lectures at Harvard. 

Grants and Awards 

National Cancer Institute grants 

totalling $1,3X9,483, have been an 
nounced by the Federal Security Ad¬ 
ministrator, Oacnr B. Ewing, following 
recommendations of the National Ad¬ 
visory Cancer Council, Those grants, 
which have been approved by Leonard 
B. Seheele, Surgeon General of the 
Public Health Service, will aid in lab¬ 
oratory and clinical cancer research, 
cancer control projects, and cancer 
teaching in medical and dental schools. 

Of the 50 grants approved for lab¬ 
oratory and clinical research in 15 
states, the District, of Columbia, and 
three foreign countries, 18 are new' and 
32 continuous. The resonrcH projects 
include investigations of possible 
therapeutic agents; metabolism studies 
of cancer, using such techniques as 
tracing by radioactive isotopes; physi¬ 
ologic and pathologic investigations 
of stomach cancer; studies on the 
production of cancer in experimental 
animals, with emphasis on the deter¬ 
mination of possible causative agents; 
and comparative examinations of tis¬ 
sues and sera in normal and malignant 
states. The 11 grants for cancer 
control went to nonfederal institutions 
and agencies to support studies of 
cancer diagnostic tests, environmental 
cancer, tumor pathology, canceT teach¬ 
ing methods, and other special control 
projects. Grants to continue cancer 
teaching of undergraduates went to 
23 medical schools and 9 dental schools. 

The fir*t Philip A. Benson Fellow¬ 
ship Award for medical research has 
been announced by J. A. Curran, presi¬ 
dent of the Long Island College of 
Medicine. The award commemorates 
the late Philip A. Benson, former 
president of the Dime Savings Bank 
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of Brooklyn. The recipient of the 
fellowship is Irving Ruppaport, in¬ 
structor at the College, who has had 
training and experience hh a mnljiri- 
olugist and parasitologist in tropical 
medicine in Australia, New Guinea, 
and the Philippines. 

The West Virginia Agricultural 
Experiment Station has received a 
grant of $4,000 for the year 1949 by 
Swift and Company, Chicago, for con¬ 
tinuation of Burch H. Schneider’s 
studies on the digestibility and com¬ 
position of feeding stuffs by farm 
animals, 

Morris S. Kharasch, Carl William 
Eiscndrnth Professor of Chemistry at 
the University of Chicago, has been se¬ 
lected to receive a -John Scott Award in 
recognition of his outstanding woTk in 
the field of alkyl mercurials. Dr. Klm- 
runclj first suggested the use of such 
compounds as ethyl mercury chloride 
as seed disinfectants and developed 
improved reactions for their synthesis, 
leading to greatly increased yields of 
cotton, corn, wheat, and other crops. 
The nward, consisting of $1,000 and a 
copper medal, will be presented to Dr. 
Klmrnseh at n dinner of the Delaware 
Section of the American Chemical So¬ 
ciety at the Hotel du Pont, Wilming¬ 
ton, Delaware, on Wednesday, Janu¬ 
ary 26. 

Fellowships 

Bryn Mawr College announces the 
Availability of the following fellow¬ 
ships and soholarship awards in sci¬ 
ences in its Graduate School for 1949- 
50: Department of Geology—one resi¬ 
dent fellowship ($1,250), one or two 
resident scholarships ($650), two 
demonstratorships ($1,000) j Depart¬ 
ment of Chemistry—one resident fel¬ 
lowship ($1,250), one or two resident 
scholarships ($650), several demon¬ 
stratorships ($1,000) ; Department of 
Physics—one or two resident Scholar¬ 
ships ($650), one or more research 
ABslstnntshipB ($750-$1,000), two 
demonstratorships $1,000) ; Depart¬ 
ment of Mathematics—one resident 
fellowship ($1,250), one or two resi¬ 
dent scholarships ($650), readership 
($700) ; Department of Psychology— 
one resident fellowship ($1,260), one 
or two resident scholarships ($650), 
one demonstratorship ($1,000); De¬ 


partment of Biology—one resident 
fellowship ($1,250), one or two resi¬ 
dent scholarships ($650), two half¬ 
time demonstratorships ($1,000 each). 
Three scholarships ($700) are offered 
to qualified students who wish to con¬ 
tinue study in fields such as biochem¬ 
istry, biophysics, crystallography, geo¬ 
chemistry, geophysics and psycho¬ 
physics-and two fellowships ($1,250) 
to candidates in the same Reids. 

Applications should br in before 
March 1. Full information and 
blanks may bp obtained by writing to 
the Office of the Dean of the Gradu¬ 
ate School, Bryn Mawr College, Bryn 
Mawr, Pennsylvania, 

Armour Research Foundation of 
Illinois Institute of Technology has 

announced the availability of several 
industrial research fellowships start¬ 
ing September 1949, in the fields of 
physics, chemistry, chomicnl, mechani¬ 
cal and electrical engineering, metal¬ 
lurgy, ceramics, and applied solid and 
fluid mechanics. During the school 
terms half-time graduate study will he 
provided, tuition free, in the Graduate 
School of Illinois Institute of Tech¬ 
nology concurrently with half-time re¬ 
search employment in Armour Re¬ 
search Foundation (and full-time 
employment in the intervening Hum¬ 
mer), equivalent to a total stipend of 
about $3,750. Appointments will be 
announced March 15, 1949, prior to 
which time information and applica¬ 
tion Id auks may he obtained from the 
Dean of the Graduate School, Illinois 
Institute of Technology, Technology 
Center, Chicago 16. 

Colleges and Universities 

The physiological And psycho¬ 
logical effects of srctic temperatures 
will be studied by a group of Univer¬ 
sity of Washington scientists for the 
next two years. Operatng under a 
contract from the Air Surgeon’s Office 
of the USAF, an expedition left for 
Alaska on January 15 to establish 
hoadqunrters at the Arctic Aeromedi- 
cal Laboratory at Ladd Field, Fair¬ 
banks. Investigations for the proj¬ 
ect, which is being directed by Loren 
D. Carlson, of the Department of 
Physiology and Biophysics, will be 
conducted by three research teams, 
One, composed of physiologists, elec¬ 
tronics engineers, mechanical engi¬ 


neers, physicists, and chemists, will 
study the effects of arctic temperature 
on the body; another will be con¬ 
cerned with fatigue, performance, and 
mental phases of the problem; and 
the third will study arctic animals to 
leal n if factors of animal survival can 
he applied to humans. 

North Carolina State College has 

announced plans for the construction 
of a $1,245,000 Engineering Labora¬ 
tories Building. Equipped with the 
latest devices for instruction, research 
and industrial service, the building 
will contain X-rny equipment, liigli- 
voltpige electrical apparatus, and com¬ 
plete ccrnmic und structural clay in¬ 
vestigation machinery. J. H. Lampe, 
dean of the School of Engineering, 
estimates that it will be completed not 
later than June, 1950 ami will be one 
of the most modem structures of its 
type in the country. 

The Daniel and Florence Guggen¬ 
heim Jet Propulsion Centers will ho 
established at Princeton University 
and the California Institute of Tech¬ 
nology' to provide facilities for post¬ 
graduate education and research in 
jet propulsion and rocket engineering. 
The two centers have been underwrit¬ 
ten by the Daniel and Florence Gug¬ 
genheim Foundation fur seven years 
with an appropriation of $500,000, to 
he used to pay salaries of professors, 
fellowships of graduate students, and 
similar expenses. Buildings and 
equipment will be provided by the uni¬ 
versities. The principal post in each 
center will ho a Robert II. Goddard 
professorship, named for the late 
Robert H. Goddard, of Clark Univer¬ 
sity. Caltech’s Goddard professor 
will be Dr. Hsue-Shen Tsien, 38-yeur 
old native of Chinn, now professor of 
aorodynnmics at MIT. 

A study of the problems of growth 
and differentiation by critical dis¬ 
cussion has been undertaken by re¬ 
search workers at Amherst, Mt. Hol¬ 
yoke, and Smith Colleges, and the 
University of Massachusetts. The 
members are: Virginia C. Dewey, 
Taylor Hinton, George W. Kidder, 
Robert E. Parks, Jr., Harold H. 
Plough, and Oscar E. Schotts, of Am¬ 
herst College; A. Elisabeth Adams 
and Christianna Smith, of Mt. Hoi- 
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yoke College; Albert F. Blakcslee, 
Jacob Rappaport, 8, Meryl Hose, and 
Sophie Satin, of Bmith College; and 
David W. Bishop and Gilbert L. 
Wooilside, of the University of Mas¬ 
sachusetts. 

Industrial Laboratories 

Per K. Frolich, director of research 
and Development for Merck & Com¬ 
pany, Inc., has been appointed vice- 
president for Research and Develop¬ 
ment, to succeed Randolph T. Major, 
who will continue as director of all 
scientific activities of the Company. 

Eastman Kodak Company has an¬ 
nounced the availability of nitrogen 
,15 in the form of either nitric ucirl 
or potnssium nitrate. The company 
has been supplying N in in the form 
of uni mo nium salts and as potassium 
phthnlamide in concentrations up to 
GO atom per cent. N in . The ammonium 
nitrate has N IB in the ammonium 
radienl only. The nitric acid will be 
supplied as nn aqueous solution con¬ 
taining at least two moles per liter; 
the potassium nitrate is available us 
« dry solid. 

The Polytechnic Research and De¬ 
velopment Company, Inc., formerly 
located at 60 Court Street, Brooklyn, 
New York, announces the opening of 
new and expanded research labora¬ 
tories nt 202 Tillary Street, Brooklyn, 
New York. The concern is headed 
by H. R. Rogers, president of the 
Polytechnic Institute of Brooklyn, 
and is under the technical direction 
of F. J. Gaffney. 

Studies of cosmic rays and nuclear 
forces will be furthered by the new 
lfl-hev bevatron, for which the 
electrical equipment is now being 
built by the Westingliouse Electric 
Corporation, with funds provided by 
the Atomic Energy Commission under 
its pure research program. The new 
machine, to be installed on the Berke¬ 
ley campus of the University of Cali¬ 
fornia, will be 17 times more power¬ 
ful than the University’s present 
cyclotron. The electrical equipment 
will consist of two alternating-cur¬ 
rent motor-generator sets, each capa¬ 
ble of developing 50,000 kilowatts; 
Ignitrons to change alternating into 
direct current electrically; and a net¬ 
work of controls and meters to chan¬ 


nel the power into a 10,000-ton cir¬ 
cular steel magnet. 

Pyridium Corporation, of Nopera 
Park, New York, announces the ap¬ 
pointment of Roland G. Benner as 
director of Development and Engi 
neoring. For the past 19 yearn Mr. 
Benner had been associated with E. I 
du Pont k Company of Wilmington, 
Delaware, in various capacities, liis 
most recent being in charge of tli/» 
Applied Process Control Group. 

Meetings and Elections 

The Spectroscopy Society of Pitts¬ 
burgh is sponsoring the 0th Pittsburgh 
Conference on Applied Spectroscopy 
on February 10 and 19 at Mellon In¬ 
stitute Auditorium, Pittsburgh, Penn¬ 
sylvania. The Chairman fuj* absorp¬ 
tion spectroscopy papers is Joseph 
Licblich, Mellon Institute; for emis¬ 
sion spectroscopy papers, Joseph Gcff- 
ner, Weir ton, West Virginia. 

Plans for the 30th Annual Meeting 
of the American Geophysical Union, 

April 20-22, 1940, Washington, 1). C., 
provide for sessions for nil Sections, 
as well as u general session and joint 
sessions of two or more Sections. 
Papers are invited for the Sections 
on Geodesy, Seismology, Meteorology, 
Terrestrial Magnetism and Electricity, 
Oceanography, Volcanology, Hydrol¬ 
ogy and Tectonophysics. Further in¬ 
formation regarding submission of 
titles and abstracts may be obtained 
from the office of the American Geo¬ 
physical Union at 1530 P Street., 
N.W., Washington, D. C. Comments 
relating to papers and symposia bear¬ 
ing on more than one Section will lie 
welcomed. They should bo addressed 
to J. P. Marble, Chairman of the 
Committee on Meetings, U. 8. Na¬ 
tional Museum, Washington 25, D. C. 
Members planning to attend the meet¬ 
ings are urged to make their hotel 
reservations promptly directly with 
the hotel us the Committee has no 
facilities for handling these. 

Regional meetings have been planned 
for these dates: February 4*5, Los 
Angelos; April 20-27, Denver. 

The 1st International Congress of 
Biochemistry will be held In Cam¬ 
bridge, England, August 19-25. Of¬ 
ficially recognised by the Interna¬ 


tional Union of Chemistry, the Con¬ 
gress is an outgrowth of meetings 
of biochemists from many countries, 
which the Boci£t6 de Ohimie Bio- 
logique has organized from time to 
time in the past. The success of 
these mootings indicated the desir¬ 
ability of a full international con¬ 
gress of biochemistry, In addition 
to the meetings of the 11 Sections of 
the Congress, there will be Congress 
lectures and visits to research sta¬ 
tions and laboratories. Further de¬ 
tails for those wishing to join the 
Congress inny be secured from Lt. 
Col. Francis J. Griffin, Honorary 
Organiser, 56 Victoria Street, Lon¬ 
don, B.W. 1. Arrangements have been 
made to house a limited number of 
visitors in the colleges of university, 
however, early reservations aro re¬ 
quested. 

The 2nd Inter-American Congress 
of Brucellosis was held under the 
uuapicea of the Pan-American Sani¬ 
tary Bureau at Mendoza and Buenos 
Aires, Argentina, November 17-26. 
The U. H. was officially represented 
by .Tames H. Steele, Chief, Veterinary 
Public Health Division, Communicable 
Disease Center, U. 8. Public Health 
Service, who wns named chairman of 
the delegation, and C. K. Mingle, 
assistant chief, Tuberculosis and 
Brucellosis Eradication Division, 
Bureau of Animal Industry. The 
meeting at Mendoza was devoted to 
research and epidemiology papers, 
while that at Buenos Aires was ipainly 
concerned with discussion of the diag¬ 
nosis and therapy of human brucel¬ 
losis. 

Two permanent committees were 
created to study the problems of 
standardization of human serological 
diagnostic methods and animal disease 
eradication, the success of both de¬ 
pending upon having a standard an¬ 
tigen with which to compare others. 
It was believed that the antigen of 
the Bureau of Animal Industry, U. 8. 
Department of Agriculture, would be 
the best standard to use as it is avail¬ 
able in large quantities and could be 
readily distributed. Similar studies 
will be conducted on animal serology. 
The Congress agreed that the control 
of the disease in animals was the first 
step toward controlling it in humans. 
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The 2nd Inter-American Congress 
on Brucellosis voted to accept the 
invitation of the U. 8. to hold the 
next Congress in Washington, I). C., in 
Octolwr 1950. William W. 8pink, of 
Minneapolis, lias been named chair¬ 
man of the 3rd Inter-American Con¬ 
gress on Brucellosis and M. Ruiz 
CaNtnntMlu will continue ns Secretary. 

James B. McNaught, professor of 
pathology ut the University of Colo¬ 
rado School of Medicine and head of 
the Department of Pathology fit the 
Medical Center, was named president 
elect of the American Society of Clin¬ 
ical Pathologists at their minimi scien¬ 
tific meeting in Chicago lust, October. 
Dr. McNaught will serve (luring 1949. 

The U. S. National Committee of 
the International Commission of 
Optica (an affiliate of the Inter¬ 
national Union of Pure and Applied 
Physics), has been reconstituted and 
enlarged since it h first formal meet¬ 
ing held at Delft, Holland, in July 
1948. The present membership of 
the committee is; Ntunley 8. Ballard 
(chairman), Department of Physics, 
Tufts College; Irvine C. Gardner, Na¬ 
tional Bureau of Standards; Mux 
Herzberger, Eastman Kodak Com¬ 
pany; Herbert E. Tves, Bell Tele¬ 
phone Laboratories (retired) ; F. A. 
Jenkins, University of California, 
Berkeley; Doanc B. Judd, National 
Bureau of Standards; Rudolf Kings- 
bike, Eastman Kodak Company; 
George W aid, H a rvnrd l T niversity; 
and Mary E. Wargn, University of 
Pittsburgh. 

Rustin McIntosh, Cnrpentier Pro¬ 
fessor of Pediatrics at the College 
of Physicians and Surgeons, Columbia 
University, was recently elected the 
1949 chairman of the American Coun¬ 
cil on Rheumatic Fever of the Amer¬ 
ican Heart Association. 

The Division of Colloid Chemis¬ 
try, American Chemical Society, re¬ 
cently elected the following new offi¬ 
cers: Desiree 8. Le Beau, director of 
research, Midwest Rubber Reclaiming 
Company, East St. Louis, chairman; 
Sydney Ross, of tho Rensselaer Poly¬ 
technic Institute, chairman-elect; W. 
O. Milligan, Rice Institute, secretary- 
treasurer (re-election) mid divisional 


representative on tho Society’s Na¬ 
tional Council; and Alfred J. fitumm, 
Forest Products Laboratory, USD A, 
Madison, Wisconsin, and John D. 
Ferry, University of Wisconsin, mem 
born of the Division’s executive com¬ 
mittee. 

Dr. Lc Beau, the first woman to 
head the Division, succeeds Robert D. 
Void, of the University of Southern 
California, who was elected to the 
Division’s Colloid Symposium Com¬ 
mittee. 

The Twelfth Annual Tri-States 
Geological Conference was held in 
northeastern Town on October 23 and 
24. More than 250 geologists from 
Illinois, Wisconsin, and Iowa traveled 
the 150 mile conference route, which 
roughly followed the Mississippi 
River, from Lansing to Bellevue. 
Eleven stops were made to afford the 
participating geologists an oppnrtu- 
nity to see the full geologic section 
from the upper part of the Cambrian 
Franconia formation to the Silurian 
TTopkinton formation. In addition, 
gcomorphic, topographic, and other 
allied features were observed in this 
almost driftless, but not unglaeinted, 
area. A guidebook containing geo¬ 
logical discussions, well logs, maps, 
and stratigraphic sections, together 
with an annotated road log, was fur¬ 
nished each participant. 

New members of tho Executive 
Committee elected to represent their 
respective states for the next 3 years 
were: E. C. Dapples, succeeding J. 
Harlan Brctz for Illinois; F. T. 
Thwuites, succeeding L, M. Cline for 
Wisconsin; and 0. H. Roy, succeeding 
H. Garland Hershey for Iowa, The 
1949 conference will be held in Illi¬ 
nois under the chairmanship of Dr. 
Dapples. 

Deaths 

Brent S. Drane, 97, consultant and 
deputy member of the Hydrology 
Panel, Research and Development 
Board, who had served as civil engi¬ 
neer in various state and federal 
government capacities, died Novem¬ 
ber 22 at. his Chapel Hill, North 
Carolina, home. 

Karl Bonhotffer, 80, former pro¬ 
fessor of psychiatry at Berlin Univer¬ 
sity, died in Berlin, Germany Decem¬ 


ber 4. Last May Dr. BonhoefTer 
became an honorary member of the 
Amercun Psychiatric Association, the 
first German scientist to be so honored 
since World War II. 

Albert K. Epstein, 58, consulting 
chemist and president of Emulsol Cor¬ 
poration, Chicago, died December 22 
in Tel Aviv, Israel. 

Homer W. Hillyer, 89, retired 
chemical engineer and former profes¬ 
sor of organic chemistry at the Uni¬ 
versity of Wisconsin, died in Farm¬ 
ington, Connecticut on January 3. 

Clyde Fisher, 70, ex-chief curator 
of Hayden Planetarium and partici¬ 
pant, in expeditions to the Arctic Lap- 
land, Siberia, Mexico and Feru, died in 
Doctors Hospital, New York City on 
January 7. 

C. K. Edmunds, 7 2, president 
emeritus of Pomona College, wub 
killed in an automobile accident in 
Claremont, California, on January 9. 
From 1903-24 Dr. Edmunds was pro¬ 
fessor of physics and electrical engi¬ 
neering at Canton Christian College, 
Chinn, and later became provost of 
Johns Hopkins University. 


The origin of the Pacific atolls is 

the subject of further study made 
possible by the loan by the British 
Museum to the U. S. National mu¬ 
seum of two tons of rock specimens 
drilled from Funafuti Atoll. Cornell 
University reports that the specimens 
taken from an 1,100-foot boring on 
Ellice Island, put down by a joint 
expedition of the Royal Society of 
London and the Australian Govern¬ 
ment in 1896, will be compared with 
rock from deep borings made on Bi¬ 
kini Atoll following the atomic bomb 
tests in 1947 (see Science, January 16, 
1948). 

John W, Wells, of the Department 
of Geology of Cornell University, con¬ 
ducted the negotiations with the Brit¬ 
ish Museum at the suggestion of Harry 
8. Ladd, of the Basic Sciences Section 
of the it. 8. Geological Survey, who 
expressed the thought that improved 
instruments and new techniques for 
geological interpretation might pro¬ 
duce new facts from specimens last 
examined 50 years ago. The studies 
will be mode in Washington, IX C., 
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where the Bikini material is housed, by 
members of the Geological Burvey and 
geologists from Cornell and other co¬ 
operating institutions. 

In 1899 Charles Darwin advanced 
the theory that the Pacific atolls are 
the vestiges of volcanic islands which 
have subsided into the sea. Study of 
Funafuti borings did not settle the 
matter and samples were stored in the 
British Museum, where they rested 
until shipped to Washington last No¬ 
vember. Preliminary investigation in¬ 
dicates that the Bikini rock is sand-like 
in nature, quite different from the 
Funafuti material, and also different 
from the volcanic rock whieh Darwin 
had predicted. The two atolls are only 
1,500 miles apart, but evidence seems 
to indicate that the Funafuti rock is 
not more than 25,000 years old and 
that from Bikini 10,000,000-15,000,000 
years old. 

The U. S. Atomic Energy Com¬ 
mission has adopted a forma] person¬ 
nel policy which exempts its positions 
from competitive Civil Horvce and 
establishes an independent merit sys¬ 
tem. Personnel will receive the same 
leave and retirement benefits as are 
now granted federal employees. The 
new policy succeeds a series of tem¬ 
porary arrangements in effect since 
January 1, 1947, when the AEC took 
over management of the national 
atomic energy program from the Man¬ 
hattan Engineer, District of the U. 8. 
Army. 

A Book Coupon Scheme was re¬ 
cently launched by UNESCO on a 
one-yeur experimental basis to enable 
educators, scientists and professional 
people in war-devastated countries to 
obtain needed periodicals, text and 
reference books on education, science 
and culture from other countries. In 
special ceremonies at Unesco House, 
$150,000 in Coupons was initially de¬ 
livered to representatives of the par¬ 
ticipating countries: Austria, China, 
Czechoslovakia, France, Greece, Hun¬ 
gary, Tndia, Italy, Indonesia, Iran, 
the Philippines, Poland and the 
United Kingdom. The coupon scheme 
will enable groups in these countries 
to buy publications from so-called 
'' hard-currency’ J countries like the 
United States^ while making payments 


in their own national currency. , In 
each participating country special Dis¬ 
tributing Bodies have been appointed 
for the sale of book coupons and as 
information centers for questions re¬ 
lating to the program. The American 
Booksellers Association has been ap¬ 
pointed to administer the UNESCO 
program in the United States. 

Methods of presenting atomic 
energy to high school students were 
considered at the New England School 
Science Council Atomic Energy Work¬ 
shop, held in Boston December 27-31. 
The workshop, under the direction of 
Fletcher G. Watson, chairman of the 
New England School Science Council, 
and sponsored by the Boston Museum 
of Science and the American Academy 
of Arts and Sciences, was composed of 
IT. 8, Atomic Energy Commission of¬ 
ficials, nuclear scientists and 50 New 
England lngh-school science teachers. 
Among the US AEC officials who took 
part were Shields Warren, director, 
Division of Biology and Medicine; 
Morse Salisbury, director, Division of 
Public and Technical Information Ser¬ 
vice; and George Glasheen, assistant 
director in charge of Public Education 
in the Information Sorvico. Scientists 
participating represented MIT, Har¬ 
vard University, Arthur D. Little Com¬ 
pany, and Brookhaven National Lab¬ 
oratory. Besides developing methodB 
of teaching atomic energy in the New 
England schools, the workshop may 
serve ub a model for other atomic 
energy workshops now being planned 
across the country. 

Make Plans for— 

American Oeophyiical Union, 23rd 
regional meeting, February 4-5, Uni¬ 
versity of California, Los Angeles. 

American Society of General 
Physiologist*, regional meeting, Feb¬ 
ruary 5, Washington Square, Now 
York University, Now York City. 

American Mathematical Society, 

February 26, meetings in New York 
City and Chicago. 

5th International Congress for 
Comparative Pathology, May 17-20, 
Istanbul, Turkey. 


Recently Received— 

Centri-Die Castings. New booklet 
available on request from the Leb¬ 
anon Steel Foundry, Lebanon, Penn¬ 
sylvania. 

Catalog No. 7 of Edwards Brothers, 
Inc., Ann Arbor, Michigan (listing 
of 700 foreign scientific and techni¬ 
cal books and sets reproduced by 
license of tho Office of Alien Prop¬ 
erty). 

Immunity Bulletin, May 1946- April 
1947. A synopsis of researched at 
the Bengal Immunity Laboratory, 
Calcutta, published by the joint sec¬ 
retaries, Immunity Scientific Asso¬ 
ciation, 3B Lower Circular Hoad, 
Calcutta 16, 

The story of soap. Illustrated pam¬ 
phlet issued by the Proctor & 
Gamble Company, Cincinnati, Ohio. 

High school: what’s in it for mef 
Propared by tho Office of Education 
and produced through courtesy of 
American Technical Society, Drexol 
at 58th Street, Chicago 37, Illinois, 
from which copies are available. 

The Story of Norge. Illustrated pam¬ 
phlet available through Borg-War¬ 
ner Corporation, Detroit, Michigan. 

Postgraduate education in high school 
1947-48, by Homer Kempfer. 
(Pamphlet No. 106, Office of Edu¬ 
cation.) Washington, D. C.: U. 8. 
Government Printing Office, 1948. 
$. 10 . 

The animal protein factor, by Buth 
Woods. In Borden ’s Review of 
Nutrition Reeearah, Vol. IX, No. 
8, October 1948. 

Tracerlog. House organ of Tracerlab, 
Inc., 55 Oliver Street, Boston 10, 
Massachusetts. 

Air conditioning design, by H. C. 
Hoffmann and G. B. Priester. Ap¬ 
plication data booklet (AD 44) pub¬ 
lished by the American Society of 
Refrigerating Engineers, 40 West 
40th Street, New York City. Copies 
available at $.40 each. 

Report of the president of the Johns 
Hopkins University, 1947-48. 

Bovine plasma proteins. An annotated 
bibliography prepared expressly for 
scientists and medical specialists by 
the staff of the Chemical Research 
and Development Department of 
Armour and Company, Chicago 9, 
Illinois. Available upon request to 
abovo address. 
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The History of Oxygen 

Malcolm Dole 

Department of Chemistry , Northwestern University 

T O A CHEMIST, OXYGEN IS ONE of the 
most interesting elements of the earth because 
of its remarkable reactivity, its paramagnetism, 
its participation in living processes, its use as the 
stnndard for atomic weights, and, finally, ite great 
abundance in the earth's crust. The origin of oxygen 
not only os an element, but as a free gas in the earth’s 
atmosphere, and the sequence of events which oxygen 
now undergoes as it passes through the carbon and 
other cycles, constitute the history of oxygen, a sub¬ 
ject about which we may never know with certainty 
all of the details, although the brrifed aspects of some 
of its history seem at the present time to be clear. 

The three stable isotopes of oxygen, masses 10, 17, 
nnd 18, presumably were initially formed from the 
primordial flux of neutrons (called "by Alpher the 
“ylem") which was the precursor of all matter. 
Alpher, Bethe, and Gamow (1) have recently pub¬ 
lished a neutron-capture theory of the formation and 
relative abundance of the elements which makes plaus¬ 
ible, from a semiquantitntive point of view, the idea 
that aJl the elements were initially formed in the same 
event, by the decay of neutrons to protons and elec¬ 
trons nnd by the capture of neutrons and protons by 
each other to form the various known nuclei. Given 
the formation of oxygen by this mechanism, we now 
proceed to discuss the history of oxygen on our own 
planet. 

A problem which challenges our imagination is that 
of explaining the existence of free uncombined oxygen 
in our atmosphere. D. ter Hoar ( 12 ) has recently 
reviewed theories of the origin of our solar system 
and presented a new modified theory of his own which 
conies the closest of all extant theories to explaining 
quantitatively the known facts. He starts with the 
simplest possible hypothesis, originally proposed by 
Kant, namely, a sun surrounded by a gaseous en¬ 
velope. Condensation nuclei formed near the sun will 
be inorganic compounds of heavy elements (that is, 
heavier than hydrogen and carbon); hence the inner 
planets will be small and dense. They will have ac¬ 
quired their size before gravitational capture of matter 
from the gaseous envelope bas become important. The 
outer planets, however, would be formed in a rela¬ 
tively^ cold region of the envelope bo that organic as 

Adapted Item u addrau delivered as eh# miflaf preri- 
ef NorthwMtent Chapter of $4gmi Xi, October 
20* 194t. 


well ns inorganic compounds oould form and condense. 
The outer planets, therefore, will be of small density, 
but will grow to "large size because of gravitational 
capture. 

During the process of condensation, the earth seems 
to have lost practically all of the light elements which 
could not be bound chemically; for example, as Unsold 
( 24 ) has pointed out, in the star t Scorpii, neon and 
nitrogen are about equally abundant, and their abun¬ 
dance does not fall much short of that of oxygen, 
whereas in the earth's atmosphere the abundance of 
neon is almost negligible. If neon of atomic weight 
20 could not be held by the earth, neither could 
water vapor of mass 18, nor atomic oxygen of masB 
16. Argon of mass 40 and molecular oxygen of 
mass 32 would be much more likely to be captured. 
However, because of the reactivity of oxygen it ia 
almost inconceivable that the earth’s atmosphere when 
first formed could have contained this element in 
its uncotnbined stole. Water must have been held 
in combination with inorganic compounds, most of 
which are readily hydrated or which adsorb water 
to some extent. As the matter condensed to create 
the earth, the potential energy of the gaseous en¬ 
velope was undoubtedly transformed into heat, rais¬ 
ing the temperature of the growing nucleus. Inas¬ 
much as the melting point probably rises more rapidly 
with the pressure in the interior of the earth than does 
the temperature, the earth would solidify first within, 
followed by a gradual consolidation proceeding out¬ 
ward (see discussion in 29 ), ThiB heat would cause 
water to be driven out, but if the planet had accumu¬ 
lated enough maBs at this point, the water would be 
held in the gravitational field. In 1924 Tammann 
(55) calculated that even at as high a temperature as 
1,500° K the fraction of water molecules having veloc¬ 
ities equal to or greater than the "escape velocity” 
was only 1.4xlO" 7B , a negligible fraction. Nitrogen 
and carbon dioxide would collect in the atmosphere on 
being driven out of the hot mAgma, in much the same 
way as water. In addition to being fixed in water and 
carbon dioxide, we find oxygen in the earth’s crust 
also in the form of oxides and silicates, but we shall 
not be concerned here with the history of oxygen in 
these compounds. 

We come now to the period of oxygen's history be¬ 
ginning with the earth after it had cooled from its 
original molten state. The most important fact Ikt 
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confronts us is the present existence of oxygen in the 
atmosphere; there are those, such as the Russian bio¬ 
chemist Oparin ( 18 ), who believe that life was first 
created on the earth by processes not involving free 
oxygen, such as the slow formation in the oceans of 
small organic molecules, then larger polymers, then col¬ 
loidal particles, such as factoids or ooaoervates, and 
finally living organisms. These living organisms then 
began to photosynthesis, thus creating the oxygen of 
the atmosphere by the dehydrogenation of water. The 
difficulty with this theory of Oparin's- is that it cannot 
be checked by the application of known physicochem¬ 
ical principles, because of our present ignorance con¬ 
cerning not only the mechanism of the origin and 
production of life, but also of the details of the photo¬ 
synthesis process. Tamniann ( 23 ) believed that oxy¬ 
gen arose through the thermal dissociation of water 
followed by escape of hydrogen from the atmosphere, 
but for this process to have been significant the tem¬ 
perature of the water vapor must have exceeded 1,500° 
K (to produce appreciable dissociation). 

In the higher regions of the earth's atmosphere, in 
the stratosphere, the ultraviolet light from the sun is 
much more intense than at the earth's surface, pro¬ 
ducing at a height of 25 km a maximum in the partial 
pressure of ozone, according to the photochemical re¬ 
action 

O a + hv —» 0 2 * —► 0 + 0 (+ 5.08 ev) (f) 

O + O a + M(N fl T) —* 0 3 + M (-1.03 ev) ( 26 ) 

(Reaction numbers are those of Table 1.) It is this 
layer of ozone which prevents practically all of the 
light of wave length shorter than about 3,000 A from 
reaching the earth. But above 50 km very little ozone 
is present, so that we may assume that in this region 
of the stratosphere and at higher levels in the iono¬ 
sphere, the gas present is exposed to sol«r radiation 
of wave length even as short as 600 A. It is impor¬ 
tant to consider possible photochemical as well as ioni¬ 
zation processes which may have given rise to free 
atmospheric oxygen as suggested by Poole ( 19 ). In 
Table 1 we have listed all of the processes, photochem¬ 
ical or ionic, which are believed to exist or to be 
capable of existing in the stratosphere or ionosphere. 
It is a relatively simple matter to write a sequence of 
reactions which can produce oxygen; for example, 
water and oxygen on dissociation produce fragments 
which could react as follows: 


H.0 + hv —* H + OH 

+ 5.12 ev 

<«) 

O a + bv — » O + O 

+ 5.08 ev 

( 1 ) 

0 + OH —* O a + H 

- 0.69 ev 


OH + OH^H a O + 0 

- 0.61 ev 

<») 

OH-f OH —► H a -f 0 B 

- 0.69 ev 

( 14 ) 


If the hydrogen of reactions 3, 17, and 19 has thermal 
energies greater than 1,000 or 1,500° K, it will be 


TABLE 1 

Possible Photochemical and Ionic Phocenbeb of the 
HTHATQS niEIUE AND IONOSPHERE” 


Reaction _ 

Reaction 

No. 

Energy 

absorbed 

(4) or Reference 

libers ted 
(-) In ev 


ftndothcnn ir Phutuchcmicul tteac lions 


1. 

Ob 4 hv— 4 O + O 

4 5.08 

(33) 

2. 

Oi + hv O (TO) +0 

+ 7.05 

(30) 

3. 

HiO + hv — * H + OH 

+ 5.12 

(33) 

4. 

Ns + hv —» N + N (TO°) 

+ D.7B 

(if) 

S. 

COi + hv —> CO + O (TO) 

+ 7.47 

(17) 

e. 

CO + hv — * C + O 

4 9,1 4 

<J 3) 


Endothermic Ionizing Reaction « 


7. 

Oa — > Ob + 4 e 

+ 12.2 

(fa) 

8 . 

Oj —> O + O 4 4 e 

4 18.05 

(a«) 

D. 

HbO H«0 4 + e 

4 12.7 

(« 8 ) 

10 . 

HiO —* H + OH 4 + e 

4 18.4 

(i*) 

11. 

HbO ->H + H + (> + e 

4 23.1 

U 5) 

12. 

HbO —» Ha + 0 + 4 e 

+ 18.6 

(16) 

ia. 

Ni— » Na + 4 e 

+ 15.51 

(**) 

14. 

COb —► COs 4 + o 

+ 14.4 

( 88 ) 

10. 

COa — 4 CO 4 0+ + e 

+ 19.1 

(»B) 

16. 

CO. — 4 CO 4 + O + e 

+ 10.6 

(22) 


Exothermic Thermal Reaction a 


17. 

OH 4- O — > O. + H 

-0.09 

(a) 

IB. 

OH + OH — 4 HaO + O 

-0.61 

(a) 

IB. 

OH + OH —4 He + O* 

-0.69 

(20) 

20. 

N (TO 0 ) + HbO — 4 NH + OH -0.7 


21. 

N + HaO — 4 NO 4 Hb 

-0.31 


22. 

N 4 OH —4 NO + H 

-O.B5 


28. 

N (TO”) + OH — 4 NH + O 

- 1.48 


24. 

N ( i D“) + CO. —4 NO 4 CO 

-2.2 


25. 

N 4 Ob —* NO + O 

- 0.21 


28. 

N + NH — 4 Ns + H 

-3.98 


27. 

C + HbO — 4 CO 4 Hi 

-4.16 


28- 

CO 4 J1*0 — 4 CO. + Hi 

- 0.52 



Exothermic Thermal Reactions Requiring a 



Third Body (PoaeiMy Nm) 


29. 

O + Oa —4 On 

- 1.03 

(22) 

BO. 

O + H — 4 OH 

-4.84 

(8) 

31. 

OH + OH —► H.Ofl 

-2.2 

(27) 

B2. 

N + N — 4 Ni 

- 7,88 

(13) 

88 . 

N + O —► NO 

-5.29 

(13) 

34. 

N + H — 4 NH 

-B.4 

(13) 

80. 

N 4 C- 4 CN 

- 5.00 

(13) 

as. 

C + H — 4 CH 

-3.47 

(13) 

(Also the reverse of reactions 

1, B, S and 6) 



Exothermic Ionic Processes 


87. 

0*+ + e —> O + O 

-7.11 


88. 

N»+ 4 e — 4 N 4 N 

- B.12 


89. 

HiO 4 + e -4 H 4 OH 

-7.6 


40. 

OH 4 4 e — 4 H 4 O 

-e.o 



* All atoms nnd molecules listed are gaseous and In their 
ground states unless otherwise Indicated, All atoms and 
molecules are composed of the most common Isotope (slight 
differences Will exist IE hydrogen, H\ Is replaced by deuter¬ 
ium, for example). 

quickly lost, leaving an excess of free oxygen in the 
atmosphere. Poole ( 19 ) has estimated that, at a tern- 
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perature of 1,000° K, the ionosphere will lose all of 
its hydrogen in five years; if the hydrogen exists as 
atomic rather than molecular hydrogen, the time of 
escape is reduced from five years to two days. For 
every two atoms of hydrogen lost, the atmosphere will 
show a net increase of one oxygen atom gained. 

It will be noted that reactions 17, 18, and 19 are all 
bimolecular and give rise to two products, and thus do 
not require a “wall” or a third body for conservation 
of momentum; in other words, they are homogeneous 
reactions. However, reactions 18 and 19 can probably 
be ruled out as being of minor importance because the 
relative amount of water present is smaller than that 
of oxygen. As a consequence, the partial pressure of 
OH will be smaller than that of atomic oxygen, and 
the probability of a collision between OH and 0 will 
be greater than the probability of a collision between 
two OH radicals. Dobson, Brewer, and Cwilong ( 4 ), 
who have made enreful measurements of the frost 
point in the stratosphere up to heights of about 10 kin, 
point out that the humidity content of the strato¬ 
sphere, which drops off rapidly when the stratosphere 
is reached, is less than expected. The water content 
of the upper slrntosphero and ionosphere is unknown. 
Elvey (0) states, however, that the spectrum of the 
nonpolar aurora (light of the night sky) demonstrates 
in the upper atmosphere the presence of water mole¬ 
cules in certain excited states along with oxygen, and 
sodium atoms, N Ht NO, and O a molecules. 

For hydrogen atoms or molecules to have velocities 
equal to the escape velocity as caJculated bv Jeans 
( 14 ) their velocities must be equivalent lo tempera¬ 
tures of several thousands of degrees (at 1,500° K the 
fraction of hydrogen molecules, assuming n Maxwellian 
distribution, which have velocities equal to or greater 
than the escape velocity, is 0.00032, (-25). Is there 
any mechanism by which hydrogen atoms or molecules 
can acquire such high energiesT In reaction 17 which 
we favor as the oxygen-producing reaction, the energy 
liberated is 0.69 ev; if this excess energy is dissipated 
aa translational energy the fraction 32/33, or 0,67 
ev, will be carried by the hydrogen atom. This is 
equivalent to a “temperature” of about 5,000° K. 
Such a “hot” molecule will soon reach thermal equi¬ 
librium by collisions with the gases at the level of 
the stratosphere at which it is formed because the mo¬ 
lecular mean free path ia negligible in comparison to 
stratospheric distances at the pressures of 1<H to 
10~* mm Hg existing in the stratosphere. As greater 
heights are reached, the pressure drops and the tem¬ 
perature rises. Thus, at a height of 285 km Godfrey 
and Price ( 11 ) estimate the temperature to be 1,350° 
K and the pressure, 6 x 1(H min Hg. At this tem¬ 
perature the hydrogen would be rapidly lost as men¬ 


tioned above. At the present time the rate of vertical 
mixing be tween, layers of the stratosphere and the 
ionosphere is unknown, hence it is impossible to esti¬ 
mate the rnte at which the hydrogen escapes from the 
stratosphere. Certainly there is a negligible abun- L 
dance of hydrogen in the upper atmosphere, in con¬ 
trast to earlier ideas. Wildt ( 30 ) points out that only 
about 1 per cent of the helium formed by radioactive 
decay in the earth’s sedimentary rocks is present in 
our atmosphere; the rest “must have escaped from the 
atmosphere during geological time.” Hydrogen pre¬ 
sumably would escape even more rapidly than helium. 

In addition to reactions 3 and 17 as a source of 
oxygen, the following series of reactions could con¬ 
ceivably.-result in the presence of free atmospheric 
oxygen: 

CO a + hv —» CO + O + 5.5 ev ( 23 ) 

CO + hv —» C + 0 + 9.14 ev (15) 

N( 2 D°) + I1 2 0 NH + OH -0.7 ev ( 11 ) 

N ( a I)°) + OH —» NH + Q -1.43ev (5) 

These reactions do not require atomic oxygen for the 
production of 0 2 as does reaction 17. Although Dhar 
(,?) states that formaldehyde has been found in rain 
water, reactions producing it have not been listed in 
Table 1 because formaldehyde is rapidly decomposed 
photochemically, particularly in the presence of oxy¬ 
gen ( 17 ). Table 1, however, docs contain an amaz¬ 
ingly long list of reactions and demonstrates the rich¬ 
ness of the chemical processes in the upper atmosphere. 
The energy for the ionization of molecules can be 
thought of as coining from cosmic rays; evidence for 
ionization is, of course, the free electron and ion con¬ 
tent of the ionosphere. 

8o much for the past history of the origin of oxy¬ 
gen, as far as we can infer it from modern knowledge. 
What about therpresent oxygen of our atmosphere, 
does? it have a history f The universally accepted belief 
is that all of the oxygen of the atmosphere has been 
produced by the photosynthesis process in land and 
marine plants, mostly from photosynthesis in the 
oceans of the world. There is one small difficulty with 
this theory—the isotopic composition of atmospheric 
oxygen is not that of oxygen in the water of the 
oceans as discovered by the author (5). Ruben, Ran¬ 
dall, Kanien, and Hyde (£i) demonstrated that the 
oxygen produced by photosynthesis came entirely 
from the water and not.from the carbon dioxide of the 
culture medium, while Dole and Jenks (5) showed 
that the photosynthetic oxygen had the expected iso¬ 
topic composition for isotopic exchange equilibrium 
between oxygen and water, a composition; which is 
definitely lower in O 18 content than that of atmos¬ 
pheric oxygen. The present oxygen of the atmosphere 
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muBt have all origin different from photosynthetic oxy¬ 
gen or the photosynthetic oxygen must have changed 
its composition by isotopic exchange after being pro¬ 
duced photosynthetieaLly. Before we give up the cen¬ 
tury-old belief in the importance of the photosynthetic 
origin of oxygen, let us investigate the possibility of 
O* 8 enrichment of atmospheric oxygen by isotopic ex¬ 
change. 

There are two possible exchange reactions which 
could enhance the O 18 content of atmospheric oxygen; 
the first, 

2H 2 O l8 (g) + (y°(fr) ^ 2H z O l “(g) + (V»(g), 
ami the second, 

2H 2 O lB (g) + C(V«(g) C0 2 ls (g) + 2H a 0 la (g), 
followed by the irreversible reaction 

CO 2 18 (g) +- 0 2 la (g) C0 2 le (g) + 0 2 18 (g) 

Urey (25) has recently recalculated, at 0° C and 
above, the equilibrium constants of these reactions first 
published by Urey and Greiff (25). Values for the 
fractionation factor, which is the ratio of 0 1B to O la 
in the oxygen or carbon dioxide divided by the similar 
ratio for the water in the tw T o equilibria at different 
temperatures, arc shown in Table 2 for the oxygen- 
water und oxygen-carbon dioxide equilibria. We have 
extended Urey’s calculations to -50° C in the case 
of the oxygen-water vapor equilibrium. 

TABLE 2 

Fractionation Factors fob the Wate n-Ox yokn amj 
Wateh-Cabbon Dioxide Isotopic 
Exchange Equilibria 


Henctlon 

22Z a K 

27:i.l°K 

298.1 °iv 

Wutur vnpor-oxypen .. . . 

l.O.HO 

1.017 

1.014 

Water vapor-carbon dioxide . . 


1.055 

1.047 

Liquid water-oxygen . 


l.OOfl 

l.OOfl 

Liquid wh ter-curbon dioxide ,. . 


1.044 

1.0*0 


Note that the fractionation factors for the oxygen- 
water equilibria are much smaller than those for the 
carbon dioxide-water equilibria and have a practically 
zero temperature coefficient in the case of the equi¬ 
librium between oxygen gas and liquid water. Letting 
a represent the fractionation factor, the percentage 
increase in the O ta abundance of the oxygen when 
brought into equilibrium with liquid water (assuming 
that both the free oxygen and the oxygen in water had 
the same isotopic compositioq before being brought 
into isotopic exchange equilibrium with each other and 
assuming an infinite volume of water) is 100 (a - 1) = 
0.6% or 0 parts per mil at 273° K. Atmospheric 
oxygen has an 0 1B content 30 parts per mil greater 
than the oxygen of Lake Michigan water. Even as¬ 
suming that the exchange equilibrium is established at 
221° K and that the water vapot participating in the 


equilibrium at this low temperature eventually estab¬ 
lished an equilibrium with ocean water at 10° C so 
that the over-all process can be written 
0 2 ia (stratosphere at -50° C)+2H 2 0 18 (ocean at 
10° C) *=* O a 1B (stratosphere at -50° C) + 2H a 0 16 
(ocean at 10° C), 

the O 18 content of free oxygen will be enhanced 20 
parts per mil with reference to ocean water or 25 
parts per mil with respect to Lake Michigan water, 
still less than 30 parts per mil. 

Dole and Roake (7) have shown, furthermore, that 
oxygen isotopes do not exchange between oxygen gas 
and water vapor when passed through a glow dis¬ 
charge at low temperatures and pressures. An ex¬ 
change of oxygen isotopes could be demonstrated, 
however, between carbon dioxide and oxygen, so that 
the enhanced O 18 content of the atmosphere can be 
fully and quantitatively explained by the following 
sequence of reactions: 

C0 2 (air) + H z O (vapor at 0° C) — > C0 2 (air) of 
0 1H content equal to 49 parts per mil (Lake Mich¬ 
igan standard). 

This C0 2 , having an Q 18 content enhanced to 44 
parts per mil with respect to ocean water, then under¬ 
goes an irreversible and random exchange of its oxy¬ 
gen isotopes with the oxygen of the stratosphere by 
virtue of reactions 1, 3, 5, 6, 17, and 19 of Table 1 
or their reverse, producing in the stratosphere an O 18 
content enhanced to the maximum extent of 44 parts 
per mil with respect to ocean water, The observed 
value is 30 parts per mil with respect to Lake Mich¬ 
igan water or 25 parts per mil, to ocean water (26). 
The assumptions in this calculation are: (1) the irre¬ 
versibility of the photochemically produced exchange 
of isotopes and (2) the temperature at winch equi¬ 
librium between the CO a and H z O is established. 

Despite this success in accounting for the O 18 con¬ 
tent of the atmosphere by assuming a stratospheric 
irreversible exchange of 0 1B between O z and CO a , 
there is still the problem of demonstrating a transfer 
of the 0 1B enhanced oxygen from the stratosphere to 
the troposphere. As Dobson, Brewer, and Cwilong 
have pointed out (4), a “general world circulation be¬ 
tween the equator and the poles which causes the air 
in the stratosphere to rise slowly near the equator and 
to subside slowly near the poles” has been postulated 
to explain differences in temperature in the strato¬ 
sphere at low and high altitudes. These authors find 
it unnecessary to invoke this hypothesis, preferring 
to base the temperature differences on the differences 
in radiation due to different ozone content. Thus 
there seems to be no proof at the present time of ver¬ 
tical mixing between the low and high levels of the 
atmosphere, although horizontal winds of high velocity 
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are known to exist in the stratosphere. It would be 
extremely interesting: to investigate the isotopic com¬ 
position of oxygen in the stratosphere ns well hs from 
various geographical locations such as the arctic and 
the tropics, It might be possible to follow large-scale 
air currents in this way because, from all we know 
now, the photosynthesis reaction of the oceans is de¬ 
livering to the atmosphere oxygen having a different 
isotopic composition from that already present. Sim¬ 
ilarly, the stratospheric oxygen may have an isotopic 
composition different from the oxygen in contact with 
the tropical oceans. The maximum expected differ¬ 
ence between stratospheric and photosynthetic oxygen 
is 33 parts per mil of which the error of measurement 
is estimated ns 1 part per mil. 


We coine finally to the thought that if oxygen ex¬ 
change in the stratosphere is significant, then synthesis 
of oxygen in the stratosphere may also be significant, 
and Lhut the total abundance of free oxygen in the 
atmosphere may be slowly increasing. In other words, 
it would appear that oxygen has a future ns well as 
a past and present history. 

(The author wishes to express his appreciation to 
J. J. Kuplun for information regarding the physics 
of the upper atmosphere, to H. C. Urey for recent, un¬ 
published data on oxygen isotope ratios, to the Alex- 
under Dallas Baohe Fund of the National Academy 
of Sciences and to the Penrose Fund of the American 
Philosophical Society for grants in aid of the oxygen 
isotope studies.) 

(For references see column £, p. 56.) 


On the Origin of the Chemical Elements 


D. ter Haar 1 

Department of Physics, Purdue University 

I N RECENT YEARS MANY ATTEMPTS have 
been made to explain the observed abundance of 
the chemical elements and their isotopes. A sur¬ 
vey of papers on this subject will he presented in a 
forthcoming paper (4). In this article, nn attempt 
will be made to connect these theories with the general 
cosmogony developed by von Weirsaeker (.9), not by 
offering a complete and quantitative theory, but rather 
by sketching a possible way of combining ideas ex¬ 
pressed by other authors into a theory which may, 
perhaps, be more satisfactory than the existing ones. 2 
The limitations of earlier theories are considered in 
the survey paper (4) mentioned earlier. 

The idea is to eliminate one of von Weizsiicker’e 
initial conditions, on the one hand, and to suggest 
possible initial steps for the theories of van Albada 
(I), Beskow and Treffenberg (£), and Mayer and 
Teller (7). In von Weiasiickor's cosmogony the 
universe is, at the beginning of the present epoch, 
filled with a turbulent gas. The origin of this gas 
and its turbulence is assumed to be a problem lying 
outside the scope of this cosmogony. Von Weizsiicker 

1 The author would litre to express his thnnka to Drs. 
Mayer and Teller for a discussion of the subject matter of 
their paper (7) and an -opportunity to see the manuscript 
prior to publication. The material was presented at the 
Solvar Oongreas In 1940 and, for publication, will be ex¬ 
tended to Include a short murrey of the older theories. The 
author is also grateful to Dr. von Weissftcker for the oppor¬ 
tunity to read bis paper (Id) prior to publication. 

■Sotne of the Ideas presented In this paper are similar to 
Ideaa expressed by van Albada and Hoyle. 


further assumes, however, that the composition of this 
gas is the same as the present composition of inter¬ 
stellar gas, or stellar material. It may be sufficient, 
however, to assume this gas to consist of hydrogen 
only, thus simplifying the initial conditions of von 
Weizsiiekcr’s cosmogony. Expressed differently, the 
solution of the problem of the origin of the chemical 
elements, other than hydrogen, is thus brought into 
the present epoch. By the “present epoch,” we shall 
understand the period often referred to as the age of 
the universe. Following present ideas about the age 
of the universe, we shall put it at between 10° unci 
10 10 years (3, 4, 8). 

As was shown by von Weizsiicker, in the gas filling 
the universe, concentrations of mass and finally gase¬ 
ous bodies with masses of the order of stellar masses 
will be formed. Due to the conservation of angular 
momentum, these bodies will be rotating fast. In the 
beginning the energy of these stars will be provided 
by gravitational energy, and later the deuterium re¬ 
action (H + H—*D) will set in. When the densities 
and central temperatures have become greater, the von 
Weizskcker-Bethe carbon-nitrogen cycle will start. 
(The necessary carbon nuclei will have been formed 
by nuclear reactions in' the way, for instance, dis¬ 
cussed by Betbe.) When all the hydrogen has been 
used, the star will collapse. The development de¬ 
scribed by* Hoyle (5) will follow. Of particular in¬ 
terest are those stars which have not yet lost their 
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rotation when their hydrogen is used up. At the 
interior of these stars heavy nuclei will be formed in 
a thermodynamical equilibrium, The most reliable 
analysis of the composition of the interior of such 
a star can probably be found in Beskow nnd Trelfen- 
berg’s paper (£). The breakup of the star probably 
will be rapid, as has been emphasized by van Albnda 
(2) and Hoyle (5), and in this way the heavy nuclei 
will be distributed over space. 

These heavy nuclei will not, however, be the nuclei 
found now. As was stressed by van Albnda (1), the 
ratio of protons to neutrons will be much lower for 
these nuclei than for stuble nuclei found in nature. 
Radioactive processes will reduce these nuclei to stable 
nuclei. Moyer and Teller ( 7 ) have shown that these 
rndioactive processes will lend to isotopic abundances 
in qualitative agreement with those observed. In thiB 
’way, the final result of the processes described here 
would be n universe filled with chemical elements with 
about the right isotopic abundances. The advantage 
of the present theory over that of Mayer uiid Teller 
is that we are able to account for the neutron-rich 
heavy nuclei in a natural way, while Mayer and Teller 
have to introduce their "polyneutron," the origin of 
which remains an open question. Also, the present 
theory has (he advantage of considering the total 
amount of elements in the universe, instead of only 
single concentrations of matter with masses of the 
order of stellar masses, as was done by previous 
authors. 

Up to now, the picture given in the present paper 
has been purely qualitative. Let us try to indicate 
how it can be changed into a more quantitative theory. 
It will be shown, especially, that there is no reason ns 
yet not to accept this solution, since it gives satisfac¬ 
torily the ratio between the abundances of hydrogen 
and heavy elements. Expressed differently, the proc¬ 
esses indicated here are probably sufficiently frequent 
to account for (he present distribution of elements. 

It is still impossible to use hydrodynmnical argu¬ 
ments to predict the distribution function, f(M ), of 
stars over the various masses. It is possible, however, 
to use for this function the observational data of 
Kuiper (6). On the other hand, it is well known that 
stars with masses lnrger than the sun, which belong 
to an earlier spectral class, cannot have lived during the 
whole of the present epoch. Thus, whereas dG-stars, 
which are observed now, can have been formed at any 
moment during the last 10 10 years, B-stars must have 
been formed in the last 10 8 to 10® years (5). B-stars 
which were fonned earlier have long ago burned their 
energy and exploded. These stars (0, B, perhaps A) 
must, therefore, have been responsible for the presence 
of heavy elements. According to Kuiper’s figures, 


these stars are, at most, 1 per cent of the total number 
of stars. However, due to their large masses, they 
may possess as much as 5 per cent of the total mass 
of the stars. 

If we wish to estimate how large a percentage of the 
mass of the universe has been involved in the processes 
leading to the formation of heavy elements, we have to 
take into account three factors: (a) the present per¬ 
centage of early-type stars is artificially lowered by 
their short life; (b) only part of these stars will give 
birth to heavy elements; the explosion may occur be¬ 
fore the central density is sufficiently high; and (c) 
about one half of the mass of the universe is not 
stellar, but interstellar material. Taking these factors 
into account we might safely conclude that at least 1 
per cent of the total mass of the universe must have 
undergone the processes described above. 

If we now compare the abundances found by Beskow 
and Treffenberg (2) with the observed abundances, it 
is seen immediately that with 1 per cent of the mass 
of the universe giving rise to heavy elements, the for¬ 
mation of heavy elements has been sufficiently fre¬ 
quent to explain their abundances. The high abun¬ 
dance of helium can possibly be explained either by 
the a-radioactivity of the very heavy elements or by 
nn evaporation from "normal" stars, where helium is 
continuously formed. The fact that the observed 
abundances of light elements (C, N, O) are so much 
higher than in Beskow and Treffenberg’s theory may 
well be due to the possibility that many stars may 
have been broken up before the formation of heavy 
elements started (cf. Hoyle, 5, and van Albada, 1). 

If a quantitative law for the distribution function 
f(M) and also for the relation between angular mo¬ 
mentum and mass of a star was known, it would be 
possible to calculate more quantitatively both how 
large a fraction of the mass of the universe had been 
involved in the various processes and how large a 
fraction of the 0-, B-, and A-stars were broken up 
before attaining high central densities. It is satis¬ 
factory thnt preliminary considerations by von Weiz- 
siicker (10) show that the observed correlation be¬ 
tween spectral type and rotation, which points to a 
possible early rotational instability of 0-, B-, and 
A-stars, cun be understood, at least qualitatively. 
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The Influence of Thyroid and Thiouracil on 
Mice Exposed to Roentgen Radiation 

Henry C. Bloint, Jr. and Willie W. Smith 

Laboratory of Pbyiical Biology, 

National Imtitutet of Health, 

Betbcida , Maryland 

Although reports art* not entirely in agreement, there 
is considerable evidence that heat sensitizes neoplastic 
tissue to high energy electromagnetic irradiation ( 1 1 3, 6 ). 
It has been postulated that temperature effects are, at 
least in part, referable to effects on cellular metabolism, 
but few studies have been reported in which metabolic 
rate was varied independently. The present experiments 
were made to dotormlne whether or not thyroid or 
thiouracil feeding would alter the incidence of death 
among mice exposed to severely damaging whole body 
radiation. 

Mice were of the N.I.1I. strain, the first shipment con¬ 
sisting of 70 males about 10 weeks old, the second of 59 
males and 01 females about fl weeks old. They were 
divided into 3 comparable treatment groups as shown 
in Table 1. One group was maintained on the stock diet 
of powdored Purina dog chow. Desiccated thyroid was 
added to the stock diet for the older mice in the second 
group, beginning 13 days prior to irradiation (0.5% for 
9 days and 0.3% thereafter), and to that of the younger 
mice, beginning 8 dayB prior to irradiation (0.5% for 
5 days and 0.3% thereafter). In the third group the 
older mice received 0.5% thiouracil with the stock diet, 
beginning 13 days prior to irradiatiou; the younger mice, 
0.5% thiouracil beginning 8 days prior to irradiation. 

Irradiation was administered at the National Cancer 
Institute, Peak voltage of the machine was 186 kv; 
effective voltage, 170 kv; current, 20 ma; added filtration, 
0.55 mm of aluminum and 0.25 mm of copper; and focal 
distance 50 cm. Eight or 9 mice, drawn at random in 
approximately equal numbers from the three diet groups, 
were irradiated simultaneously. The mice were under 
observation for 4 weeks following irradiation. 

Evidence that the thyroid of the diet strongly affected 
metabolic rate is adduced from the fact that when 8 mice 
from each diet group of the first shipment were subjected 
to n 24-hour fait in preparation for the determination 
of Oxygen consumption, 4 of those on 0.5% thyroid died, 
while none of those on the control diet or on thiouracil 
died. As a result of this experience, we reduced the 
thyroid content of the diet to 0.3%. 

A few determinations of oxygen consumption were 
made after the mice had been on the experimental diets 
foT about a week and before they were irradiated. The 
method described by Tabor and Rosenthal (4) was used, 


except that each determination was made with 2 or 4 
mice in the chamber, and the lowest value of 2 to 6 deter¬ 
minations of 5-min duration at 22° C was used for each 
group. The average for 8 mice receiving thyroid was 
40% higher than that for mice on the control diet, while 
the average for 6 mice on thiouracil waB 6% higher than 
the control value. A more extensive study of the oxygen 
consumption of thyroid-fed mice before and after ir¬ 
radiation is in progress. 

The incidence of death following irradiation is shown 
In Table 1. The difference between the 54.8 mortality 


TABLE 1 


Thi Influence of Thyuoid and Thioubacil on the 
Incidence of Death 


Denied! tod 

Shipment thyroid 


Control 

diet 


Tliiouracll 



Dead 

Alive 

Dead 

Alive 

Dead 

Alive 

1 <rf) 

18 

8 

5 

10 

4 

21 

2 (cf) 

12 

1) 

H 

10 

2 

17 

2 (?) 

D 

11 

- 

11) 

0 

20 

% 

54.H 


15.0 


9.4 



of the thyroid group and the 15.6% mortality of the 
control group is highly significant as shown by chi-square. 
The difference between the 9.4% mortality of the thioura- 
cil group and the mortality of the control group is not 
statistically significant. 

It is of additional significance that 20 of the mice re¬ 
ceiving thyroid had died by the 10th day following 
irradiation, while at that time only 3 of those on the 
control diet had died. Among the younger mice (ship¬ 
ment 2), 6 died between the 3rd and 5th days, while the 
first death among those on the control diet occurred on 
the 6th day, and no others on the control diet died until 
the 10th day. All of the deaths in the thiouracil group 
occurred after the 10th day following irradiation. 

By use of an oral clinical thermometer with the bulb 
completely inserted Into the rectum, temperatures were 
determined on 6 mice of each diet group at the end of 
the 4 weeks of observation following irradiation. Tem¬ 
peratures of the thyroid group averaged 38,5° G (range, 
38.2°-39.1®), of the control group, 37.6° (range, 37.4°- 
37.8"), and.of the thiouracil group, 37.2° (range 37.0°- 
37,6"). 

Thyroid feeding resulted in a relatively small Increase 
in reetal temperature, whfle, without doubt, the metabolic 
rate was considerably elevated. In preliminary experi¬ 
ments the mortality of Irradiated mice, kept in an en¬ 
vironment of 10° C, was Significantly higher, than that of 
mice at 29" 0. At 10"0 the rectal temperature is reduced 
by only about 1 degree from its value in an environment 
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of 29° (5), while aeeording to Herrington (£), total 
heat production la approximately doubled at the lower 
temperature. 

It oeemfl probable that metabolic activity, rather than 
body temperature, ia the predominant factor in increasing 
the mortality of mice exposed to severely damaging 
Roentgen radiation. Further experiments concerned with 
theoe relationships are in progress. 
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A Method for Studying Growth in Different 
Groups of Arthropods 

Curtis L, New com be 

Crmmbraak Institute «/ Science, 

BlaamjUld Hills, Michigan 

Linear growth in arthropods is largely discontinuous 
and usually, but not always, most conspicuous during the 
molting interval (I, 5). Shafer ( 9 ) likens the linear* 
growth curve to a series of steps. Size increments dur¬ 
ing the successive molts are subject to pronounced varia¬ 
tion depending, in many instances, on the food supply and 
on the temperature factor. Also, the final size attained 
following a particular molt is n function of the initial 
size, i . e . the dimensions prior to molting. Hence, the 
effect of variation In respect to a particular molt is likely 
to be cumulative to different degrees in succeeding molts. 
Wesenberg-Lund (10) refers to the rearing method and 
the method of population analysis for studying age and 
size of insects at particular instars. MacKay and Wey 
mouth (4) in their classical study of Cancer magister 
Dana used population data, largely, for their estimates 
of per cent increase in size, number of instars, age at 
sexual maturity, and maximum age. 

Animals that grow by molting comprise such a large 
group that no one method is likely to apply reasonably 
well to all of them. Rather it is expected that a combina¬ 
tion of two or more methods may be needed in the study 
of even one restricted systematic group. From our stud¬ 
ies of the blue crab, CalUnecten sapidus Rath bun, a 
method has evolved for estimating the number of post- 
larval molts typical of a species, imd also the size charac¬ 
teristics of the different instars (£, ,f, 6‘, and 7). Because 
of the application of this procedure to other arthropod 
groups and its potential value as a tool in attacking di¬ 
verse practical, as well as theoretical, growth problems, 
the essentials of the method are related here. The tech¬ 
nic was made possible by the large numbers of crab 
measurements made by Mias Ellen H. Gray and the in¬ 
genious rearing experiments carried out by Mrs. Mildred 
D. Baudot while working with the writer at the Chesa¬ 


peake Biological Laboratory and the Virginia Fisheries 
Laboratory. 

The immediate antecedent of these observations was 
the work of Robertson (8) who, by great patience and 
effort, was able to rear postlarval erabs of this species 
to an advanced stage in development. Cognizance of the 
difficulties involved and the obvious variability in the 
results discouraged similar attempts by ua to solve the 
problem of rearing blue crabs through to the last instar. 



Fio. 1. Relation of Initial to final size In VatUnectes 

Hapidup ILathbun. Sexes are combined In groups to the 

left of the arrows and In the plus groups. 

Even if it were possible to do so, individual variation 
is so great that a prohibitive, and doubtless impossible, 
number of crabs would need to be reared in oTder to 
yield reliable size averages, representative of the species. 
The procedure outlined below proved to be reasonably 
satisfactory and is, seemingly, subject to wide application 
in the arthropod group. 

Small crabs caught just prior to molting were kept in 
running salt water in the laboratory until they molted. 
Large crabs molted successfully in specially constructed 
floats kept near the Bhore. Hence, simulation of essen¬ 
tially normal conditions was accomplished. Reasonably 
large numbers of crabs of all sizes were measured before 
(initial dimension) and after (final dimension) molting. 
From these data a curve was constructed indicating, for 
example, the Anal width, corresponding to any initial 
width (Fig. 1). This growth curve proved to be a very 
valuable tool, because once the width of the first instar 
is known, we have a starting point for using the curve 
to estimate the theoretical number of instars charac¬ 
teristic of the species. Mrs. Sfindoz established the mean 
width of the first postlarval Instar to be 2.6 mm. Thus, 
from the chart we learn that a crab having an initial 
width of 2.6 mm has a final width of 3.7 after molting. 
But this final dimension now becomes the initial width 
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of the second instar which, according to the curve, reaches 
a final width, on molting, of 5.1 mm and it, in turn, 
again becomes a new Initial width. Continuing In this 
manner, it has been possible to estimate the number of 
postlnrvnl molts and the width of each instar, of which 



on the normal growth curve as established by the pre¬ 
ceding technics. The method hu potential ue for 
comparing differential growth rates in geographic vari¬ 
eties as well as closely related special. 
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Cultivation of the Lansing Strain of 
Poliomyelitis Virus in Cultures of 
Various Human Embryonic Tissues 1 

John F. End.ri, Thom.. H. W.ll.r,* 
and Frederick C. Robbins" 

Research Division of Infection* Diseases, Children*s 
Hospital, and Departments of Bacteriology, 
Comparative Pathology, and Pediatrics, 

Harvard Medical School, Boston 


Flo. 2. Allowing growth trends In GalUnectes 

an vidua Rathbun, based upon growth curve of Fig. 1. 

there are believed to be 19 or 20 in males and 18, or pos¬ 
sibly 19, in female blue crabs (7). A mathematical equa¬ 
tion was fitted to the molting curve for males and females 
so that from any initial width one can calculate directly 
the final width after molting. Hence, knowing the width 
of the first postlarval instar, it was possible to calculate 
the widths of the remaining instars. 

To complete the story, it was necessary to establish 
the relationship between the width dimension, selected 
for a basic index of size, and other linear and also 
weight measurements. The allometTy equation T = al b , 
was found to constitute a satisfactory expression of the 
different linear and also weight relationships. Conse¬ 
quently, from a width measurement, any of the corre¬ 
sponding linear and weight dimensions can be readily 
ascertained. Since the width of each instar has been 
determined, it is now possible to calculate the remaining 
linear dimensions and the weighta of each instar (Fig. 2). 

The information provided by this procedure makes it 
possible to analyse certain characteristics of the growth 
of body parts In relation to one another and to the whole 
body. Also, a basis is provided for interpreting the 
effect of environmental conditions and mechanical injury 


An extraneurol site for the multiplication of the virus 
of poliomyelitis has been considered by a number of in¬ 
vestigators (S, 5). The evidence that this may oeenr is 
almost entirely indirect, although recent data indicate 
that Theiler’a mouse encephalomyelitis virus as well as 
various mouse pathogenic poliomyelitis-like viruses of un¬ 
certain origin may multiply in nonnervous tissue (1, 3). 
Direct attempts by Sabin and Olltaky (d) to demonstrate 
in vitro multiplication of a monkey-adapted strain of 
poliomyelitis virus (MV strain) in cultures composed of 
certain nonnervous tissues failed. They obtained, how¬ 
ever, an increase in the agent in fragments of human 
embryonic brain. 

The general recognition that the virus may be present 
in the intestinal tract of patients with poliomyelitis and 
of persons In contact with them emphasises the desirabil¬ 
ity of further investigation of the possibility of extra- 
neural multiplication. Accordingly, experiments with 
tissue cultures were undertaken to determine whether the 
Lansing strain of poliomyelitis virus could be propagated 

1 Aided by h grant from the National Foundation for In¬ 
fantile Paralysis, Inc. 

* Post doctorate Fellow of the U. fli Public Health Service. 

• Senior Fellow In Virus Diseases of the National Research 

Council. 





B6 


SCIENCE 


January 28, 1949, VoL 109 


In three types of human embryonic tissues. The results 
are summarized here in a preliminary manner. 

The teohniquo was essentially the same as that recently 
described for the cultivation of mumps virus (ff). The 
cultures consisted of tissue fragments suspended in 3 cc 
of a mixture of balanced salt solution (3 parts) and ox 
serum ultrafiltrate (X part). Tissues from embryos of 
2} to months as well as from a premature infant of 
7 months' gestation were used. These were: the tissues 
of the arms and legs (without the large bones), the 
intestine, and the brain. Each sot of cultures included 
4 or more inoculated with virus, and usually a similar 
number of uninoculated controls. The primary inoculum 
consisted of 0.1 cc of a suspension of mouse brain in¬ 
fected with the Lansing strain of poliomyelitis virus/ 
The identity of the virus was verified by (a) the ch&r- 


the fluids removed from the third subculture on the 10 th 
day of cultivation. These fluids, howeveT, on inoculation 
into mice and monkeys, produced typical paralysis. Ac¬ 
cordingly, since the mouse LD U of the original inoculum 
was 1Q~ J , it would appear that the increase in virus dur¬ 
ing the course of the experiment was at loast of the 
order of 10 u times. During the 67-day period of cultiva¬ 
tion a progressive decrease in mouse infectivity was re¬ 
corded (Table 1). On the other hand, In the second ex¬ 
periment, mentioned above, the calculated increase in 
virus during a 52-duy period is now of the order of 10 lfl 
times and no decrease in mouse infectivity has so far 
been observed, 

The agent propagated in the first experiment continued 
to exhibit the principal characteristics of the Lansing 
strain during the period of cultivation, as Indicated by 


TABLE 1 

Multiplication op Lansing Poliomyelitis Vibub ih Tissues Obtained Fhou the Extremities of Human Embryos 


No. of nutrient fluid ^ Incubation Mouse LD M of pooled Calculated dilution 

Culture set changes prior to subculture 1 ^ 00 ^° fluids used to lnoeu- of original Inoculum 

subculture late subcultures at time of subculture 



Exp. 1 

Exp. 2 

Exp. 1 

Exp. 2 

Exp. 1 

Exp. 2 

Exp. 1 

Exp. 2 

Original* 

3 

4 

20th 

20th 

10->o 

10-in 

10-" 

10-*- a 

1st subculture 

2 

2 

l»th 

12th 

10-i- ” 

lO-i .71 

10 -" B 

20-10.D 

2nd subculture 

2 

4 

12th 

20th 

5 0-0.M 

10-l.M 

10- 1 *® 

10-w ■ 

Brd subculture 

3 


10th 

.... 

10-o-w 


10-17.7 


* The LD m 

of the suspension 

of mouse brain 

used os 

the Inoculum In 

the first experiment was 

10 * . that 

of the guff- 


pension employed In the second experiment was 10- 1 -®. 


aoter of tho disease it produced in white miee following 
intracerebral inoculation; and (b) its neutralization by 
specific antiserum/ Subcultures were inoculated with 
0.1 cc of pooled centrifuged supernatant fluids removed 
from the previous set of cultures. 

The procedure of cultivation differed from that usually 
followed by other workers in that the nutrient fluid was 
removed as completely as possible and replaced at periods 
ranging frotn 4 to 7 days. Subcultures to fresh tissue 
were prepared at relatively infrequent intervals, ranging 
from 8 to 20 days. 

Two experiments have been carried out employing cul¬ 
tures composed chiefly of skin, muscle and connective 
tissue from tho arms and legs. The findings is each 
have been essentially the same. In the first, a series of 
cultures has now been maintained for 87 days. During 
this interval, in addition to the original set, three suc¬ 
cessive subcultures have been made to fresh tisane and 
the fluids have been removed and replaced 10 times 
(Table 1). Assuming that at each change of flnid a 
dilution of approximately 1: 15 was effected and that at 
the initiation of each set of cultures the inoculum was 
diluted 30 times, it has been calculated that the 10% sus¬ 
pension of infected mouse brain used as the primary 
Inoculum hod been diluted approximately 10” times in 

4 This Strain was Isolated by Dr. Charles Armstrong end 
obtslned through the Courtesy of Dr. 8. D. Kramer. 

■ This serum was obtained through the courtesy of Dr. 
Isabel Morgan. It wan prepared by hyper Immunisation of 
rhesus monkeys with her strain of the Lansing virus. 


the following observations: (a) fluids from each set of 
cultures produced paralysis and death in mice after intra¬ 
cerebral inoculation; (b) the agent present in the fluids 
of the second set of subcultures was neutralized by anti¬ 
serum specific for the Lansing strain; (c) following 
intracerebral inoculation, the fluids from the third set of 
subcultures produced flaccid paralysis within 7 and 10 
dayB, respectively, in two rhesus monkeys. Microscopic 
examination of the spinal cords of these animals re¬ 
vealed lesions characteristic of poliomyelitis. 

Cultures of intestinal tissue were prepared with frag¬ 
ments from the entire intestine of human embryos, ex¬ 
cept in one experiment in which jejunum of a premature 
infant was used. In the latter, the bacteria were elimi¬ 
nated in the majority of cultures by thorough washing 
of the tissue and by the inclusion in the original nutrient 
fluid of 100 units/cc of penicillin and of streptomycin. 

In one experiment with embryonic intestine, which in¬ 
cluded two subcultures and 7 changes of nutrient fluid, 
the calculated dilution of the original inoculum was of 
the order of 10 tBT times. On the basis of the mouse 
LD b of the original inoculum and that of the last super* 
natant fluid, it was calculated that the virus had in¬ 
creased about 10 u T times. The Identity of the agent 
thus cultivated in intestinal tissue has not yet been con¬ 
firmed by neutralization tests or monkey inoculation, but 
it elicits a response in the mouse typical of the Lansing 
virus. 

The cultures prepared with intestine of the premature 
Infant have, so far, been maintained 17 days with 3 
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changes of nutrient fluid. Virus has been demonstrated, 
by mouse inoculation, in the fluids removed during the 
course of the experiment, including that of the 17th day. 
The calculated multiplication of the virus was approxi¬ 
mately 10 1 times. This finding suggests that multiplica¬ 
tion occurred in this tissue which, from the embryologic 
point of view, is more mature. 

To compare the increase of virus in nervous tissue 
with that in tissue of tho intestine nnd the extremities, 
cultures of embryonic brain were procured. The multi¬ 
plication of the virus in this medium has been com parable 
to that in the other types. Thus in one experiment 
carried out contemporaneously with the series of em¬ 
bryonic intestinal cultures mentioned above, the cal¬ 
culated multiplication of virus was of the order of I0 ia 
times. 

No evidence was obtained which indicated that au 
agent other than the Lansing strain of virus was propa¬ 
gated in any of the three typos of tissue. Mouse in- 
fectivity Letits for the presence of virus in the super¬ 
natant fluids of uuinoculated control cultures were nega¬ 
tive. Aerobic rind anaerobic cultures of supernatant 
fluids yielded no growth of bacteria. 

On microscopic examination of fragments of the three 
types of tissue, removed after about 30 days of cultiva¬ 
tion, differences have been observed in cell morphology 
between those derived from inoculated and uninoculated 
cultures. Many of tho fragments from uuinoculated cul¬ 
tures contained colls which appeared to be viable at the 
time of fixation, as indicated by the normal staining prop¬ 
erties of the nuclei and cytoplasm. In contrast, the 
nuclei of the majority of the eellB in fragments from 
inoculated cultures showed marked loss of staining prop¬ 
erties, Since the amount of material which has been 
studied is as yet relatively small, one cannot conclude 
that the changes observed in the inoculated cultures Mere 
caused by the virus." 

It would soera, from the experiments described above, 
that tho multiplication of the Lansing strain of polio¬ 
myelitis virus in the tissues derived from arm or leg, 
since these do not contain intact neurons, lias occurred 
either in peripheral nerve processes or in cells not of 
nervous origin. 
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Insect Vectors of Phony Peach Disease 1 

William F. Turner 

United States Department of Agriculture, 

Agricultural Research Administration „ 

Bureau of Entomology and Plant Quarantine 

Phony poach is a viruB disease of economic importance 
in the southeastern United States ( 1 ). While the disease 
attacks other species of the genus Prunue, its most serious 
effects result from heavy infections in commercial peHch 
orchards, particularly in the 8011 th Atlantic and Gulf 
Coast States from South Carolina to Louisiana. The dis¬ 
ease has caused the loss of more than 1,500,000 peach 
trees during the period from 1920 to 1047, inclusive. 

Since 1036 the Bureau of Entomology and Plant Quar¬ 
antine, in cooperation witli the Bureau of Plant Industry, 
Soils, and Agricultural Engineering, has been conducting 
research in an effort to And the inacct vector, or vectors, 
of phony peach. Following an extensive survey of in¬ 
sects associated with peach orchards in areas where the 
unmiHl disease incidence was high, in other areas where 
few new cases occurred each year, Hnd finally, in areas 
where there uppenred to be no local spread, a teBt pro¬ 
gram utilizing I lie most likely insect suspects was under¬ 
taken. 

Results of tlic survey, together with data derived from 
experimental transmission of the disease, suggested the 
probability that phony peach was being spread by ono or 
more stem-feeding Cicadellidae (leaf hoppers) belonging 
to the subfamily Tettigellmae. Although 53 species of 
insects, including members of several different families 
of Homoptera and a number of species of Cydnidae 
(Homiptcrn), have been used in transmission tests, most 
attention for the Inst four years was given to four species 
of leaf hoppers. 

From 1039 through 1944 the work was conducted at 
Chattanooga with field-grown peach trees that were un¬ 
protected from possible natural infection. During the 
enurse of these tests throe of the experimental trees 
developed symptoms of the disease. One had been sub¬ 
jected to inoculation by Cuerna ooetalia (F.), one by 
Oraphocephala versuta (Say), and one by Homalodieca 
triquetra (F.),“ nil members of our selected group of 

suspects. One case of phony peach occurred in one of 

the many check trees that were maintained. 

In 1945 the work was transferred to Fort Valley, 
Georgia, where it was necessary to grow the experimental 
trees in a large screened cage because of the certainty of 
considerable natural spread in unprotected trees. Insects 

1 The diagnose* on which this report Is based were made 

by Lee M. Hutchins nnd L. C. Cochran, of the Bureau of 

Plant Industry, Bolls, and Agricultural Engineering, and by 
L. D. Christenson Qnd William F. Turner, Bureau of Ento¬ 
mology and Plant Quarantine, of the United States Depart¬ 
ment of Agricaltute. 

■The leaf hoppers actually used In each of these and all 
other teste were identified by P. W. Oman and J. S, Caldwell, 
Division of insect Identification, Bureau of Entomology and 
Plant Quarantine. 
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collected on peach trees, weeds, and wild and cultivated 
shrubs were confined in cheesecloth bags on branches of 
phony treeB. After 4 or 5 days the bags with their con¬ 
tained Insects were transferred to test trees growing in 
the large cage. The bags were left on those test trees 
for 30 or more days, unless all the insects hod died 
curlier. At the end of the test period the bags were 
carefully removed in such n manner that none of the 
insects escaped within the large screened cage. The tost 
treeB wore Elberta Juno-buds in theiT second year from 
seed. In order to provide fully adequate controls, alter¬ 
nate trees were left, as checks. Transmission tests wore 
made from April to October. During the following 
winter the test trees and checks in the cage were dug 
and replanted in isolated plots in areas where there were 
no commercial orchards and where phonv disease was rare 
or unknown. 

Phony disease has a long incubation period in peach 
trees, apparently from about 18 months (or two growing 


TAHli! 1 


Species 

Total 

No. 

l'hony peach 
transmission* 

Definite ProbnlUn 

if, triquetru . 

203 

8 8 

<!. cnetnliH . 

64 

1 2 

0. nnditla . 

2H 

;i o 

(1. rvmvta . 

20 

2 o 


seasons) to as much as 3 years. Although a few of the 
trees used in the 1945 tests showed suspicious symptoms 
in September 1947, it was not until the spring of 1948 
that reliable diagnoses could be made. At that time 7 
trees were positively phony, and 8 more were almost cer¬ 
tainly so. Of the 7 positive cases, two had betm inocu¬ 
lated by G- versuta, three by E. triquetra , mid two by 
OHcametopia, undata (F.). All of the 8 trees that were 
almost certainly diseased had been inoculated with II, 
triquetra . None of the check trees showed any symptoms 
of the disease. 

In contrast with the 1945 series, u number of the trees 
used in the 1946 experiments showed positive symptoms 
in July 1948. At, that time seven definite cases of phony 
peach were noted. One of these trees had beeu inocu¬ 
lated by C. costalis, one by 0. undata , and five by if. 
triqtutra. At least two other trees inoculated by C. 
co&talU are almost certainly diseased. All check trees 
nppoured to be normal. 

The totals for definite and probable insect transmis¬ 
sions of phony peach obtained in the tost series of 1045 
nnd 1946 are prosented in Table 1. One check tree was 
provided for each test tree, a total of 313 in all. All 
check trees are still normal. 

The definitely positive results represent from 2 to 28% 
successful transmission by the different species. Al¬ 
though all these insects are general feeders, three species 
are known to be associated with peach trees at certain 
seasons. For the fourth one, C. eottalU, n natural asso¬ 
ciation is doubtful, but the insect survives for periods of 


a month or more when confined on peach. This species 
has thus far been the least successful of the four in trans¬ 
mitting the disease. All four species belong to the sub¬ 
family Tettigellinae, and it appears quite possible that 
other members of this group may be able to transmit 
phony peach even though they may be of no real im¬ 
portance as vectors. 

In 4G5 experiments involving the use of the remaining 
49 species of insects that were tested, all results were 
definitely negative. 
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Inhibition of the Adenosinetriphosphatase 
Activity of Preparations of Myosin 1 

Francis Binkley 

Laboratory for tba Study of Hereditary and 

Metabolic Ditorden and 

Department of Pathology and Medicine, 

Vniventty of Utah Srhool of Medicine 

During the past year we have been investigating the 
inhibition of the adenosinetriphosphatase activity of the 
myosin complex by extracts of the posterior pituitary 



Mf Posterior Pituitary Gland 

Fio. 1. ATFase activity In the presence of extract 
of posterior pituitary gland and acetylcholine. The 
percentages of the control values are plotted. Activity 
was determined by analysis for Inorganic phosphate 
after 5-mJn incubation at BO" C Id 1 U KC1 buffered at 
pH 6,0 with 0.1 M NaHCOi - NaiCOi. One mg or 
CaCb, 10 mg of ATP (sodium salt), and a solution of 
twlce-pred pita ted myosin ( 0.2 mg or protein nitrogen) 
containing 0.001 M NaCN were present in a total 
volume of 0 ml. Acetylcholine and the soluble material 
of the desiccated posterior pituitary gland were added 
as Indicated. The Incubation was terminated by the 
addition of trichloroacetic add to make a flnnl con¬ 
centration of B%. 

gland. Our interest In this casual observation was due 
to the finding that the inhibition was greatly reinforced 
by the addition of acetylcholine. Although a consider¬ 
able mass of data has been accumulated, truly definitive 
experiments have not been devised, and It is considered 

1 These studies were supported by a grant from the V. 8. 
Public Health Service. 
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desirable not to delay further the presentation of our 
results. 

Results, typical of those we have obtained, are illus¬ 
trated in Figs. 1 and 2. Twice-precipitated myosin from 
the rat, obtained by a procedure utilizing cyanide (I), 
was used In these experiments. Two methods were neces¬ 
sary in following the ATPase activity. For comparative 
studies, analysis for inorganic phosphate was sufficient, 
but, in order to follow rapid changes, manometric methods 
(2) were necessary. It is apparent from Fig. 1 that an 
extract of the posterior pituitary gland 8 is inhibitory at 
most concentrations but is capable of activation when 



Fig. 2, Mnnometrlc measurement of Inhibition of 
ATPase activity of myosin. The Incubations were con¬ 
ducted In an atmosphere of nitrogen-carbon dioxide in 
1 M KC1 buffered with 0.1 M carbonate-bicarbonate. 
Tbs Initial pH (after saturation) was about B.2 ; the 
total volume was 0.Pi ml and pnly half the amount of 
myosin wns used, but, otherwise, the substrates were 
tfee same as In Fig. 1. The soluble material from 1 tag 
of desiccated posterior pituitary gland and acetylcholine 
In u final concentration of 1: 30,000 were used as In¬ 
dicated. After 30 min, the COn production Was equal 
In all cases, and the amounts of inorganic phosphate In 
the digests were Identical within the range oT error of 
the methods. 

used in lower concentrations. If acetylcholine is sup¬ 
plied, the extract of posterior pituitary gland is inhibi¬ 
tory at all significant concentrations; acetylcholine was 
without effect when added without the extract of the 
posterior pituitary gland. It is possible that the inhibi¬ 
tion with the crude extract of the posterior pituitary 
gland was due to a significant concentration of acetylcho¬ 
line in the extracts of the gland. A factor not covered in 
Fig. 1 concerns the concentration of calcium; maximal 
inhibition was obtained with maximal activation of the 
enzyme by calcium ions* ‘When the calcium level was low, 
little activity was observable, and the inhibition was diffi¬ 
cult to demonstrate; when calcium was supplied in great 

* Prepared from desiccated posterior pituitary glands sup¬ 
plied through the courtesy of Dr, Oliver Kaxnm, of Parke, 
Davis and Company. One hundred mg of the dried powder 
was extracted with 10 ml of saline, and the filtrate was 
used In the experiments reported here. The eodlum salt of 
ATF was obtained through the courtesy of Dr. B. A. Oster- 
bergi Of Abbott Laboratories. 


excess, the inhibition was greatly reduced. For example, 
with 1 mg of CaClfl, only 22% of the control activity (at 
5 min) was observed, whereas the comparative value with 
5 mg was 51%. In Fig. 2, typical data obtained by 
manometric methods are represented. It is seen that 
after a few minutes the inhibition disappeared; after this 
stage the ATPase activity proceeded at a normal velocity 
and to the same extent us the control. In studies of this 
release of inhibition it was found that the release is 
delayed by anaerobic conditions or by addition of eserine 
or DFP. Jn so far as could be determined, the release 
of inhibition is duo to hydrolysis of acetylcholine and/or 
enzymatic or oxidative destruction of the factor in the ex¬ 
tract of the posterior pituitary gland; i.c. inhibition was 
re-established, after release, by the addition of either extra 
acetylcholine or extra extract of the posterior pitultarj' 
gland in the presence of an excess of the other material. 
It was not possible to predict, within narrow limits, the 
amount of extract of posterior pituitary gland necessary 
to establish complete inhibition with different prepara¬ 
tions of myosin; concentrations of acetylcholine varying 
from 1: 10,000 to 1: 100,000 were not found to differ 
with various preparations of myosin except in so far ub 
the release of inhibition was concerned. Release of in¬ 
hibition was delayed longer with higher concentrations of 
acetylcholine. In no case did we fail to obtain inhibition 
of the activity of myosin from rabbit or rat with the com¬ 
bination of posterior pituitary and acetylcholine. 

It was found impossible to obtain adequate purified 
preparations of the known factors of the posterior 
pituitary gland for comparison, but certain observations 
have indicated a possible identity of our factor with one 
or more of the known principles of the posterior pituitary 
gland. The active material was found to dialyze through 
Cellophane membranes and to bo inactivated by oxidation 
with bromine water, by treatment with 1 N NaOH for 3 
lira at room temperature, and by hydrolysis for 3 hrs at- 
94° With 1 N HC1. Activity was also destroyed by incu¬ 
bation of the extract of posterior pituitary gland with an 
extract of duodenum of the hog. Commercial prepara¬ 
tions of ' ‘ Pitresain 17 were more active than those of 
ir Pitocin.'' Nervous tissue (brain of rats) was found to 
contain similar material, although in an apparently lower 
concentration than the posterior pituitary gland. 

The significance of these results is difficult to assess at 
this time. If a relaxation mechanism for the transfer of 
energy to the myoain complex is assumed, the results 
would be grossly consistent with the known effects of 
acetylcholine and of the principles of the posterior 
pituitary gland. Studies of the physical aspects of this 
phenomenon have been seriously handicapped by the time 
factors involved, and our results do not allow for a unique 
interpretation as to whother or not the myosin complex 
is in the contracted state daring the period of inhibition. 

» Rcfsrencoi 

1. Binkley, F., Ward, S. m., and Hoagland, C. L. J. Mol. 

Chem., 1944, 159, 681. 

2. Sum meilbqn, W. H. Persons! communication. 
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Comments and 
Communications 

In Support of Michurin’s Biological Theory in 
Higher Institutions of Learning 

[The following editorial, by S. Kaftanov, Minister of 
Higher Education in the USSR, is published in it* en¬ 
tirety from Izvcstia, September 8, 1948, in the-belief that 
it has higL informational value for scientists in America.] 

There are two opposite trends in biological science. 
One of them is progressive, and materialistic, called 
Micliurin ’a theory in honor of its founder, the great re¬ 
former of nature, Ivan Vladimirovich Michurin; the other 
is the reactionary, idealistic Wcismann's or Mendel-Mor- 
gan theory. The founders of this theory were, as it is 
well known, reactionaries in science: Weiamimn, Mendel, 
and Morgan. 

In opposition to the Mendel-Morgan trend, Russia de¬ 
veloped and, encouraged by the Soviet regime, brought 
to its full bloom, the great theory of the great modifier 
of nature I. V. Michurin. 

Michurin’s materialistic theory has been continually 
enriched by the works of his followers, with the acade¬ 
mician T, D, Lysenko at their head. This trend in biol¬ 
ogy has developed into a mightly current which has taken 
hold of the masses. It inspires millions of collective 
farmers with faith in the creative power of their efforts 
nnd gives them a firm assurance in the realization of new 
successes in the field of abundancy of farming products. 

The Michurinists have proved, not by word, but by 
demonstration, that it is possible to diroct the inborn 
qualities of animals and plants and to influence the 
development of animals and plants in a desired manner. 
Michurin *s theory has adopted and developed the best 
sides of Darwinism. Darwin had explained the evolu¬ 
tion of animals and plants from the materialistic point 
of view, Michurin has developed this knowledge and 
taught methods of directing the process of producing new 
species of plantB and new species of domestic animals, 
thus transforming Darwinism into a really practical, 
creative doctrine. 

Michurin 'a theory is closely bound to another progres¬ 
sive trend in our science—that of 'Williams 1 methods of 
fertilizing the soil, methods that have adopted and devel¬ 
oped the best ideas of the Russian classics in the science 
of agriculture, those of Dokuchaev, Kostichev, and others. 

Thanks to the care of the Bolshevist Party and of the 
Soviet Government, as well as to the personal care of our 
great leaders, Lenin and Stalin, Michurin 7 s theory has 
been preserved from oblivion and has become the prop¬ 
erty of the people. The efforts of Michurin’s followers, 
led by the academician T, D. Lysenko, have brought it 
to a new height,of achievement. During the last session 
of the USSR Lenin Academy of Agricultural Sciences, 


the report of academician T. D. Lysenko concerning the 
Btatus of biological science, duly supported by the Cen¬ 
tral Committee of the All-Russian Communist Party, has 
been made subject of consideration. This session has be¬ 
come an important factor in the strengthening and fur¬ 
ther expansion of the progressive biological theory of 
Micliurin. This session has brought to light the op¬ 
ponents of Michurin's doctrine in biology and has dealt 
a stunning blow to the reactionary Weiamann-Morgan 
theories. This session has proved to be the greatest 
triumph of the victorious Michurin theory. 

The task of the future is now to develop and to spread 
with the utmost persistence the world's most advanced 
and most progressive biological theory, that of Michurin. 
The success of this task will depend upon the system of 
teaching and of research that will bo carried on in higher 
institutions of learning. 

Unfortunately, the theories of WoiBmnnn, Mendel, nnd 
Morgan, born in foreign countries, have found their sup¬ 
porters in the midst of our biologists. 

The first and the most outstanding representative of 
this pseudoscientific trend in our country was the Lenin¬ 
grad professor Filipchenko and the Moscow professors 
Koltsov and flerebrovsky. They actively professed racist 
pseudo science—the so-called eugenics. 

The first supporters of the Men del-Morgan theories— 
Filipchenko, Koltsov, and others—openly disavowed the 
materialistic basis of Darwinism; their modern followers 
and supporters have done their utmost to mask and hide 
thoir anti Darwinistic idealistic opinions and have always 
carried the banner of Darwinism. Amidst these, the 
academician I. I. Sclmialhauscn has to be named first. 

Academician Schraalhausen denies the inheritance of 
acquired characters. He finds that evolution depends 
upon mutations which originate directly in the germ cells 
of the organism nnd have a quite accidental and indeter¬ 
minate character, not reguluted by the conditions of its 
life. This idealistic, reactionary theory is fundamentally 
antagonistic to Darwin J s teaching. Nevertheless, Schmal- 
hausen always hid under the banner of Darwinism. 

Weismnnn’s reactionary theory has found many adher¬ 
ents and supporters in numerous biological research in¬ 
stitutions, as well as in the Universities of Leningrad and 
Moscow and, especially, in the Timiriaseff Academy of 
Agriculture. 

Our homemade Weismannlsts, such as Academician 
Schina!hausen, Professors Serebrovsky, Zavadovsky, Zhe- 
brak, Dubinin, and others, have fought for years the 
progressive and revolutionary teaching of Michurin’s 
biology. 

The laxity of certain ministers and institutions, of the 
Minister of Higher Education in particular, has encour¬ 
aged these people and has given them the opportunity 
of occupying many responsible positions in universities, 
institutes, etc. Using these opportunities they strongly 
opposed the Michurinists, hampered their work, some¬ 
times treated them with contempt, and thus did the 
greatest harm to Soviet science and national agriculture. 

* It is in the Moscow and Leningrad Universities that the 
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bearers of this reactionary-idealistic Wcismann’s "sci¬ 
ence" had built their mightiest strongholds. 

Thanhs to the laxity of the president of Moscow Uni¬ 
versity, as well as of that of the Central Administration 
of the Universities of the Ministry of Higher Education, 
efforts have been made in the Biological Faculty to organ¬ 
ize the anti-Michurinists by means of conferences of anti- 
Darwinistic character with specially selected participants; 
the Michurin theory was there and then treated with the 
highest contempt. 

Several chairs of the Biological Faculty of the Lenin¬ 
grad University were also occupied by representatives of 
formal genetics. Professor Poliansky, vice-president of 
the University, spoke openly against the Michurin doc¬ 
trine and its followers. The former vice-president of the 
Biological Faculty, Docent Lobaaheff, actively opposed 
the appointment of Michurinist biologists. 

Many biological chairs at other universities were also 
occupied by anti-Michurinists—for instance, Professor 
Poliakov in Kharkov, Professor Gershenson in Kiev, Pro¬ 
fessor Chetvorikov in Gorky. This proves that the Min¬ 
istry of Higher Education, as well as its Central Ad 
ministration of Universities, was inefficient in its super¬ 
vision of biological studies in the universities. 

The same is the case in agricultural collogcs and even 
in the most important one, the Timirinscff Academy of 
Agriculture—several leading biological chairs have been 
occupied, up to the present, by anti Michurinista, for ex¬ 
ample, the anti Michurinist Professor Zhebrak hold the 
chair of genetics at the Academy. Many other chairs 
were also held by formal geneticists, as Professor Bori¬ 
senko and others. Even the director of t.ho Acndcmy, 
Professor Nemchinoff, shared the convictions of Weis- 
mannists and opposed the appointments of MichurinistB. 

Nevertheless, it is noteworthy that many biological 
choirs in agricultural colleges are occupied by worthy rep¬ 
resentatives of the progressive Michurin theory, who 
worthily carry on the great work of the famous scientist 
Ivan V. Michurin. Such arc: Professor Yakoleff of the 
Michurin Fruit and Vegetable Institute, Professor 
Paguibin of the Tashkent Agricultural Institute, Pro¬ 
fessor Tikhonoff of the Kazan Agricultural Institute. 

In other branches of agrobiological science (agriculture, 
pedology, cultivation of fruits and vegetables) the ma¬ 
jority of the chairs in agricultural colleges are occupied 
by representatives of the progressive Michurin theory. 

Strong defects in the teaching of biology can be traced 
also in medical colleges. The teaching of biology is 
based in many of these colleges on textbooks permeated 
with Mendel-Morgan Ideas. Many of the chairs of med¬ 
ical institutes are also occupied by supporters of Mendel 
and Morgan in biology or by persons who, although not 
actively opposing the Michurin doctrine, are, neverthe¬ 
less, basing their convictions and pedagogical activities 
on the spirit of the Weismann-Mendel-Morgan ideas. 

Considerable defects in the teaching of biology exist 
also In teachers 1 colleges. The Departments of Teachers 7 
Colleges of the Ministry of Higher Education, and the 
Ministry of Public Education of the Federation of Re¬ 


publics, have not sufficiently opposed the anti-Michurin 
trend that tended to keep out the Michurinists. 

The Ministries of Higher Education, of Agriculture, 
of Public Health, and of Public Education have not be¬ 
come aware soon enough of the reactionary character of 
the anti-Mu'liurinifit trend in biology, did not put a Stop 
to the spreading of such reactionary ideas, and did not 
create a free field for the new generation of Michurin'a 
followers. And there is no doubt that these followers are 
very numerous, 

This has been proved by the seBuion of the Academy of 
Agriculture when many of the members of the Colleges 
spoke fervently in favor of Michurin *s theory. 

We must admit that the principal responsibility for 
the defects of the teaching of biology lies on the Ministry 
of Higher Education. 

Wn are first of all responsible for not having used 
enough propaganda for the development of Michurin 'e 
doctrine in biology, for having been blind to the dan¬ 
gerous activities of anti-Michurinists in our higher insti¬ 
tutions of learning, and for having admitted Lhem to 
leading roles in many of them. This is the principal 
cause of the great defects in our teaching of biology, 
which whs in evidence up to the last session of the Lenin 
Academy of Agriculture. 

The first tusk of the Ministry of Higher Education 
must now consist in the elimination of defects in the field 
of biology leaching mid in the clearing of the field for 
Michurin's doctrine. Curricula and programs, textbooks, 
and methods of teaching and of research must be re¬ 
examined and reorganized as must the entire system of 
education and training of cadres of scientists and the 
activities of publishers and of journals. All biological 
chairs and faculties must be held and supported by 
qualified Michurinists, capable of developing the pro¬ 
gressive Michurin ’b doctrine. 

The success of this reform in the teaching of biology- 
in our colleges will depend most of all upon the right 
choice of the teaching personnel. 

Action along these lines has already been started. 
The auti-Michurinist Nemchinov, former director of the 
Timiriaseff Academy of Agriculture, has been replaced 
by Comrade Stoletov, and Academician Lysenko has taken 
charge of the chair of genetics and selection; Academician 
Present has replaced the anti-Michurinist Yudintseff as 
dean of the biological faculty of the State University 
of Moscow, etc. Our present aim is to fill the rnnkB of 
the teaching personnel by biologlsts-Mlchuriniats. 

Programs of basic courses must be urgently re-ex¬ 
amined and modified, Many of these programs in the 
biological sciences are either entirely based on the Mendel- 
Morgan theories or considerably affected by the revela¬ 
tions of the reactionary biological M science." The re¬ 
form of those programs should not be delayed even for a 
single day. This is one of the most urgent aims. 

The textbooks of basic courses in biology are quite 
unsatisfactory. What has been published up to the 
present in biology for colleges does not guarantee an 
education based on the progressive Michurin doctrine. 
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Publishers specialising in biological literature (such as 
Helkhozgiz, Medgiz, 11 Soviet Science," the Academy of 
Science, Uchpedgiz, etc.) have not been aware of their 
responsibility when publishing theoretical or popular sci¬ 
entific books and other works on biology for colleges. 

An illustration of this state of things is given by the 
publication of a book written by a member of the Acad¬ 
emy of Medical Sciences, S. N. Davidenkov, entitled 
1 * Evolutionary-Genetic Problems in Neuropathology .'' 
Tt was published in 1947 with an enthusiastic preface by 
Academician L. Orbeli. Fully accepting the Mendel-Mor- 
gun M theories," the author made an attempt to revise 
the theory of Engels concerning the humanization of apes 
under the influence of their working activities. 

We must have textbooks based on the progressive 
Michurin theory. 

Schools for higher education will not be able to carry 
through this reform of teaching in biological sciences if 
they do not at the same time reconstruct their scientific 
research work. 

Much of this research work, led by partisans of Men- 
deliam-Morganism, had but slight relation to real life 
dealing with the practice of medicine, agriculture, veter¬ 
inary science, and animal husbandry. Professor Sclimal- 
linusern, for example, holding the chair of Darwinism iu 
the University of Moscow, published volumes of ' ‘works" 
dealing with problems that have nothing to do with the 
practice of Socialist Construction. 

At the University of Kharkov, methods were applied to 
problems of Darwinism and genetics that had nothing to 
do with practical needs of life. Docentiu Mikhailova 
occupied herself with "Interspecific Divergence and 
Ciossability in the Genus Dianthu x." Docent Dubovsky 
had for his objective the elucidation of "The Cytological 
Basis of the Early Stages of Divergence in Mosquitoes 
of Different Species and Subspecies." Countless other 
problems, without any theoretical or practical significance, 
were likewise pursued, serving sometimes only as evidence 
for pseudoscientific conceptions in biology. 

Detachment from life, limitations of academic outlooks, 
practical sterility, such are the qualifications of the sci¬ 
entific work produced by all research carried on by sup¬ 
porters of Mendelism-Morganism. It is necessary to 
make a sharp change in all scientific research done by our 
colleges and direct it toward the most active collabora¬ 
tion with requirements of practical life, as well as with 
the interests of our national economy. 

The party of Lenin-Stalin protects the progressive 
Soviet science against infiltration of foreign, reactionary 
influences. The history of our Bolshevist Party serves as 
an example of a continuous and strenuous fight for a 
flourishing, progressive science, a science "that has the 
courage to tear down old traditions, rules, forms, when 
they prove to be outlived, when they become breaks stop¬ 
ping the onward movement, a science that creates new 
traditions, new forms, new rules" (Stalin). 


The struggle in the field of biology has ended in a 
complete triumph of Michurin f s doctrine, presenting a 
now stage in the development of materialistic biology. 

Thanks to the Bolshevist Party and, personally, to Com¬ 
rade Stalin, ways for the further triumphant march of 
the most progressive Michurin biological science are now 
clear. The scientists of our colleges will apply, from 
now on, ail their energy to the propaganda of Michurin’s 
biology and to the support of undivided rule of Mi¬ 
churin 's biological doctrine in our higher institutions of 
learning. 

Instruments for Recording Blood Pressure 

Tu u recent issue of Soienae (October 8, p. 393), David 
F. Marsh points out that a photoelectric recording micro- 
ammeter may be used in connection with a strain-gage 
manometer to record the mean blood pressure of small 
animals. The models mentioned are entirely satisfactory 
for the purpose described but are by no means the only 
instruments of the 8GE type which may be used with the 
manometers. 

In addition to the photoelectric microammeters, a num¬ 
ber of other recording instruments may be used with good 
results. Recording potentiometers and resistance ther¬ 
mometer recorders made for industrial use are quite suit¬ 
able. These types have the proper speed of response to 
indicate mean pressures and to be insensitive to individual 
pulses. 

Standard models of strain-gage manometers that have a 
linear frequency range up to 70 cycles/Bec are available. 
Such manometers are adequate for the accurate recording 
of arterial pulse contours in humans and in larger experi¬ 
mental animals. When used with the Brush amplifier 
and pen motor it is possible to realize all the advantages 
of ease in operation of the manometer bb well as the 
advantages of a direct-writing recorder. In addition, 
accurate measurements of tbe systolic and diastolic pres¬ 
sures are possible. It Is also possible to use these 
manometers with the string-type electrocardiograph gal¬ 
vanometer, 

J, P. Meehan and B. D, Meter 

Department of Physiology , 

University of Southern California 
School of Medicine 

Requesting Reprints from Abroad 

D. J, Bell, of the University of Cambridge, reports 
that he has received over 200 requests from U. 8. scien¬ 
tists for reprints of one of his articles, of which he was 
allowed only 50 copies. Believing that many British 
scientists have been faced with a similar problem, he has 
asked Science to publish the brief reminder that paper 
is scarce in the United Kingdom and that, for economic 
reasons, many British scientists do not feel that they can 
afford to reply to sneh requests, much as they would like 
to do so. 
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In Memoriam 


Robert G. Green 

1895-1947 

Robert Green was a naturalist-turned-doc tor in the 
nearest sense. Loving the out-of-doors and its crea¬ 
tures, he gave his mind to tbeir diseases. The unex¬ 
plained death of an owl or snowshoe rabbit was 
enough to start him on a long, purposeful investiga¬ 
tion, during which he exploited nature’s resources as 
well as his own. By inoculating horned owls, barred 
owls, and screech owls, he showed that the dead bird 
had been victim to an unknown virus; and by watch¬ 
ing “ snowshoes n month after month in their forest 
domain he discovered “shock disease/’ a malady so 
depleting the blood sugar that the animal, if Hbruptly 
frightened, dies at its first leap. When litters of wild 
foxes, lately whelped, were needed for tests of the fox 
encephalitis he had discovered, he got the litters as a 
matter of course. It never entered his reckoning that 
they might be hard to come by. 

There is much for the field naturalist in Green’s 
papers, told because pertinent to his work—for ex¬ 
ample, his comparison of file habits of the ruffed 
grouse, snowshoe rabbit, and cottontail, as bearing on 
their relative infestation with the rabbit ticks which 
transmit tularemia, and his demonstration that the 
nnowshoe lives its entire life within a quarter-mile 
of where it is born (a fact disclosed by the banding of 
thousands of rabbits as part of a study of the ryth¬ 
mical rise and fall in their numbers). Some of his 
work had immediately practical aspects. An encepha¬ 
litis was ravaging the silver fox ranches of the North¬ 
west when he revealed its virus cause and devised a 
vaccine which stopped it. Appealed to again by the 
ranch owners, because now another strange illness 
had appeared among their animals, he saw that the 
spastic paralysis which had developed was like Wer¬ 
nicke’s polioencephalitis in man and traced it to a 
lack of vitamin B lr as in the human case. The foxes 
had been kept on frozen fish, and this, he found, con¬ 
tained an agent so potent as to destroy the entire 
vitamin intake if the diet contained more than 10 
Per cent of it 

Green always had larger matters in mind. During 
the period of excited conjecture following crystalliza¬ 
tion of the tobacco mosaic virus, he put the case for 
viruses being retrograde organisms in a way which 
has not been bettered [Science, 1035, 82 , 2132). His 
speculations were often startling, but their outcome 
made plain repeatedly that they could not be ignored. 


Through his ponderings on virus and host-cell rela¬ 
tionships he was drawn at last to the cancer problem, 
coming to it with unique views. When the tasks he 
planned are in time taken up by others, one may 
hope it will be with something of his own discernment, 
intensity, nnd delight. 

Green was a shy, warmhearted man whom science 
emboldened, Patient in acl, he was restless in 
thought, as becomes the discoverer. Jenner and John 
Hunter would have liked him well. 

Peyton Rous 

The Rockefeller Institute for Medical Research 


Robert Tracy Jackson 

1861-1948 

Robert Tracy Jackson, noted paleontologist and re¬ 
tired Harvard professor, died at his home in Peter¬ 
borough, New Hampshire, at the age of 87. 

He was born July 13, 1861, at Dorchester, Massa¬ 
chusetts. In 1884 he graduated from the Lawrence 
Scientific School of Harvard with the degree of 
Bachelor of Science and received his Doctor of Sci¬ 
ence degree from Harvard in 1889. Three years Inter 
he joined the Harvard faculty, where, in 1911, he was 
named associate in paleontology, and subsequently, 
Curator of Fossil Echinoderms in the Museum of 
Comparative Zoology. 

As a teacher Dr. Jackson was personally interested 
in his students. Once sensing a genuine and earnest 
interest, he gave of himself unstintingly. For him, 
such men were his friends, and he gave and received 
loyal support, which lasted throughout his life. 

During his active years of research, he published 
numerous scientific papers, among which were those 
dealing mainly with fossil echinoderms, and larger 
publications, such as Phytogeny of the Pelecypods, 
Localized stages in development in plants and animah r 
and perhaps his most monumental work, Phytogeny 
of the Echini, His theory on evolution has been a 
valuable contribution to advanced science. 

In addition to his life’s work in science, he main¬ 
tained a deep interest in horticulture, toward which 
he spent himself with enthusiasm and pleasure all his 
life. His garden, begun in his youth at his home in 
Dorchester, Massachusetts, was filled with a, valued 
collection of plants and shrubs of many kinds. He 
specialized in the growing of peonies and irises. 
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From hie friend and neighbor, John Richardson, he 
inherited his rare seedling peonies. These and many 
other plants he later transferred to his lovely garden 
in Cambridge, and again after twelve years, to his 
garden at Peterborough, New Hampshire. His pleas¬ 
ure and enthusiasm in the beauty of his and Mrs, 
Jackson's garden were untiring, anrl he never ceased 
in his delight in the production of a perfect specimen, 


be it peony, iris, or poppy, or any other plant under 
his care. 

Dr. Jackson was a Fellow of the American Academy 
of Arts and Sciences, Boston Society of Natural His¬ 
tory, American Society of Naturalists, Geological 
Society of America, and Paleontological Society, 

Joseph A. Cushman 

Harvard University 


Association Affairs 


A A AS Officers—1949 

General Officers: 

President: Elvin C. Stiikinnn, University of Minnesota 
President-Elect: Roger Adams, University of Illinois 
Retiring President: Edmund W. Slimotl, Yale Univer¬ 
sity 

Vice-Presidents of tlir Sections: 

Mathematics (A): E. J. McShnne, University of 
Virginia 

Physics (B) : W. V. Houston, Rice Institute 

Chemistry (C) : Robert H. Shelton, Wm. 8. Merrcll 
Co., Cincinnati 

Geology and Geography (E) : Raymond C. Moore, 
University of Kansas 

Zoological Sciences (F) : II. J. Van Cleave, Univer¬ 
sity of Illinois 

Botanical Sciences (G) : W. C. Hteere, University of 
Michigan 

Psychology (I) : Harold E. Burtt, The Ohio State 
University 

History and Philosophy of Science (L): Charles W. 
Morris, Chicago 

Engineering (M) : W. R. Woolrich, University of 
Texas 

Medical Sciences (N) : Cecil J. Watson, University 
Hospital, Minnesota 

Agriculture (O) : Emil Truog, University of Wis¬ 
consin 

Education (Q): Francis 11. Curtis, University of 
Michigan 

(Nominations have not yet been received from the 
Committees of Sections D, H, and K.) 

Members of the Executive Committee : 

Edmund W. Sinnott (Chairman), Yale University 

(1949) 

Roger Adams, University of Illinois (1947-1950) 
George A. Baitsell, Yale University (1947-1950) 

Edwin B. Fred, University of Wisconsin (1948-1951) 
Charles F. Kettering, General Motors Research Labo¬ 
ratories (1948-1949) 

Paul E. Klopsteg, Northwestern University (1949-1952) 
K. Lark-Horovitz, Purdue University (1949-1952) 


Kirtley F. Mather, Harvard University (1947-1950) 

Howard A. Mcyerhoff, Smith College (1949-1952) 

Fernandus Payne, Indiana University (1946-1949) 

Malcolm H. Soule, University of Michigan (1949-1952) 

Elviji C. Stakmun, University of Minnesota (1948- 
1950) 

Administrative Officers: 

Administrative Secretary: Howard A. MeyerhnfF, 
Smith College 

Assistant Administrative Secretary; Raymond U. 
Taylor, Sampson College 

General Secretary: K. Lark-IIorovitE, Purdue Univer¬ 
sity 

Treasurer: W. E. Wrather, U. S. Geological Survey, 
Washington, D. C. 

Secretaries of the Sections: 

Mathematics (A); Raymond W. Brink, University 
of Minnesota, Minneapolis, Minnesota 
Physics (B) ; F. S, Brackett, National Institutes of 
Health, Betliesda, Maryland 
Chemistry (C) : Edward F. Degcring, Purduo Uni¬ 
versity, Lafayette, Indiana 
Astronomy (D) : Charles C. Wylie, University of 
Iowa, Iowa City, Iowa (1948) 

Geology and Geography (E): Lelarnl Horberg, Uni¬ 
versity of Chicago, Chicago, Illinois 
Zoological Sciences (F): J. H. Bodinc, University 
of Iowa, Iowa City, Iowa 

Botanical Sciences (G) : Stanley A. Cain, Cranbrook 
Institute of Science, Bloomfield Hills, Michigan 
Anthropology (H) : Marian W. Smith, Columbia 
University, New York, New York (1948) 
Psychology (I) : Delas D. Wickens, Ohio State Uni¬ 
versity, Columbus, Ohio 

Social and Economic Sciences (K) ; J. Frederic Dew- 
hurst, Twentieth Century Fund, New York, New 
York (1048) 

History and Philosophy of Science (L): Raymond J. 
Seeger, Bureau of Ordnance, Navy Department, 
Washington, D. C. 

Engineering (M) ; Frank D. Carvin, Illinois InstU 
tute of Technology, Chicago, Illinois 
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Medical Sciences (N), Subsection on Medicine 
(Nm) i Gordon K. Moe, University of Michigan, 
Ann Arbor, Michigan; Subsection on Pharmacy 
(Np) : Glenn L. Jenkins, Purdue University, La¬ 
fayette, Indiana; Subsection on Dentistry (Nd) : 
Isaac Schour, College of Dentistry, University of 
Dlinois, Chicago, Illinois 

Agriculture (O) ; E. E. DoTurk, University of Illi¬ 
nois, Urbana, Illinois 

Education (Q) : Doan A. Worcester, University of 
Nebraska, Lincoln, Nebraska 


Officers of the Pacific Division: 

President: R. E. Clausen, University of California, 
Horkeley, California 

Secretary: R. C. Miller, California Academy of Sci¬ 
ences, Golden Gate Park, San Francisco, California 

Officers of the Southwestern Division: 

President: Frederic H. Douglas, Denver Art Museum, 
Boulder, Colorado 

Secretary: Frank E. E. Hermann, University of Colo¬ 
rado, Boulder, Colorado. 


Book Reviews 


Lebrbucb der inner en Sekretion. F. Verzftr. Liestal, 
Switzerland: Ars Medici Ludin AG., 1948. Pp. xx + 
008, (Illustrated.) 

This textbook is an admirable introduction to the 
rapidly developing and expanding science of endocrinol¬ 
ogy. Dr. Verzlir is a pioneer in this field and is particu¬ 
larly competent to undertake Uie difficult task of sum¬ 
marizing the methods and results of endocrinology in a 
relatively brief treatise. The American as well as the 
European literature is adequately and critically discussed. 

It is not always possible to agree with Prof. Verz&r 
ns to the relative importance of the material included. 
For example, in a textbook of barely 600 pages, ho de¬ 
votes over 36 pages to the thymus gland, while secretin 
find renin get two pages each and enterogastrnn and 
cliolecystokiuin two paragraphs. There is no index. 

The comparative physiologist as well as the clinician 
will profit greatly by this now textbook which could also 
be safely used as optional reading material in standard 
medical physiology courses. The book is recommended to 
all interested in the physiology of Internal secretion and 
in the clinical possibilities of hormone therapy. The 
German style is lucid and can be easily followed by stu¬ 
dents acquainted with scientific German, An English 
translation would be highly desirable. 

Theodore Koppanyi 

Georgetown University School of Medicine 

Crop management and j oil conBsrvation. (2nd ed.) 
Joseph F. Cox and Lyman E. Jackson. New York: 
John Wiley; London: Chapman & Hall, 1048. Pp. 
xxii (- 572. (Illustrated.) $3.80. 

Farm moHi: tbeir management and fertilization. (4th ed.) 
Edmund L. Worthen. Now York: John Wiley; Lon¬ 
don: Chapman & Hall, 1948. Pp. xiii + 510, (Illus¬ 
trated.) $3.20. 

These books cover a broad field thinly. By inference, 
at least, they aim to deal with all agricultural regions of 
the United States. Actually, the center of attention is 
the eaatern part of the Middle West, with something 
about the South and the Great Plains, and a bit about 
the West, Since an appeal is made to both farmers and 
young students, scientific language and principles are 


held to the minimum. Partly for this reason, full use 
is not made of the enormous body of technical knowledge 
acquired in the past two decades. Thus lnrgo parts of 
the books could be appropriately back-dated some 20 
years. 

In the book by Cox mid Jackson, the first part of the 
title is treated more nearly adequately than the last. 
This book could have been recommended for high-school 
agricultural studonts if the discussions of soils had been 
omitted. But not enough helpful material is included on 
soils to offset the inadequacies. 

Even though prepared for vocational agricultural stu¬ 
dents in high-schools, there can be no excuse for com¬ 
pletely omitting the use of modern soil classification and 
published soil limpB in arriving at specific recommenda¬ 
tions for individual fields and farms. Again and again 
the render is admonished to use crops and practices 
“adapted” 1 to liis soil. This is very good advice. But he 
is not told what these are nor even how lie can find out. 
In fact, the reader is not even given a working concept 
of the principal kinds of soil in the United States or how 
he might learn about those of his own community or farm. 
One even finds statements like this: 1 ‘ Clay soils are usu¬ 
ally poorly drained and henee tilling is necessary for sure 
production of com, beaus, and beets.” Many Boil types 
rich in clay do not need tilling, and many poor in clay do. 

Terraces are generally recommended for sloping land. 
The authors fail to differentiate between those soils on 
which terraces would be useful and those on which they 
would be ineffective or even ruinous. 

Fertilizer recommendations are exceedingly general— 
not specific to defined conditions—and are out of date. 
Little is said about the advantage of high-analysis kinds. 
For example, in the chapter on growing clover, one finds 
this: “ On run-down and light soils, fertilizers containing 
potash ils well as phosphorus, or complete fertilizers, such 
as 0-12-6, or a 2-12-4, are recommended.” For years, 
agronomists and soil scientists have condemned such low- 
analysis materials. The very significant fertilizer and 
agricultural programs of the Tennessee Volley Authority 
are not even mentioned. 

The part on crops is better but hardly up to date. The 
new methods for com growing, involving closer spacing 
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and supplemental nitrogen fertilisation with adapted 
hybrids, are ignored. Modern methods for weed control 
with chemical sprays are mentioned but not explained. 

Apparently the authors have tried to cover too much 
too fast. Thus, they avoid specificity, yet specificity is 
essential in farm management. The result is a mixture 
of old concepts and comparatively old practices, some 
good and some mediocre. It is far behind the modern 
successful farmer. 

Farm /toils is a more useful book. First of nil, the 
author has confined his attention largely to soil manage¬ 
ment and thus not attempted to cover so much ground. 
Yet, relatively, it is less up to date than the earlier edi¬ 
tions. Too much old material has been retained and not 
enough of the new results and new methods explained. 

The author’s concept of soil management is largely 
one of maintaining the soil. He writes that 11 farm soils 
tend to become acid. M More often 11 farm soils” that 
need lime were acid at the start. Our problem with lime, 
organic matter, plant nutrients, and soil structure is, gen¬ 
erally, as much or more one of improving the natural 
soils an it is of maintaining them. 

The discussion of soil classification as a basis for pre¬ 
dicting yields under alternative practices is outdated by 
15 years or more. And even the system presented is not 
integrated with the recommendations in a way to permit 
these to be applied to specific conditions. 

The moldboard plow is defended almost too much. 
Under dry-farming in regions of low rainfall he writes: 
“Therefore, plow to a depth of 7 or 8 inches promptly 
after crops are harvested.” The greatly improved tillage 
methods now used by good farmers for the Chernozem, 
Chestnut, and Brown soils are inadequately explained. 

This book is much better than Crop management and 
soil conservation on lime and fertilizer. Worthen stresses 
the savings to be made from home mixing of fertilizers 
and explains how it is done. He emphasizes the great 
savings resulting from the use of high-analysis materials 
rather than low-analysis ones. Yet, one wishes he had 
gone further and not written that “the 5-10-5, with a 
total of 20 percent of nitrogen, phosphoric acid, and pot¬ 
ash, would class as a high-analysis or a high-grade fer¬ 
tilizer. ...” But he shows the advantage of really high- 
analysis kinds. There are little errors such as “com¬ 
plete” for “mixed” fertilizer and “alkali” for “sa¬ 
line” soil. Generalizations are used where published 
data, if reviewed, would have permitted specificity. 

Like the earlier editions, this book has a place for vo¬ 
cational agricultural courses in high schools and junior 
colleges, particularly in the humid-temperate part of the 
country. But it will need careful correction and supple¬ 
menting by the teacher, using local soil surveys and recent 
bulletins of state agricultural colleges and the U. 6. De¬ 
partment of Agriculture. 

Two books are badly needed—one in agronomy and one 
in soil management—that can compare with Farm man¬ 
agement by Black, et al. and Feeds and feeding by Mor- 
rison. Neither of these comes close to filling this need. 

Charles E. Kellogg 

17, 5. Department of Agriculture^ 

Belt rutile, Maryland 


Scientific Book Register 

Houma, F. J. Physical aspeots of colour: an introduc¬ 
tion to the scientific study of colour stimuli and colour 
sensations . New York: Elsevier, 1948. Pp. 312. 

(Illustrated.) $5.00. 

Coiien. Morris H. Studies in philosophy and science. 

New York: Henry Holt, 1949. Pp. 278. $4.50. 

Gold, Harhy. (Ed.) Cornell conferences on therapy. 
(Vol. 3.) New York: Macmillan, 1048. Pp. xx + 337. 
$3.50, 

WheU'tok, P. K. Forecasts of the population of the 
United States, 1045-1975. (U. 8. Dopt. Commerce, 

Census Bureau.) Washington, D. C.: Govt. Printing 
Office, 1947. Pp. vi + 113. (Illustrated.) $.45. 


( Continued from page 81.) 
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NEWS 
and Notes 

James W. McBain, profeBBor emer¬ 
itus of chemistry at Stanford Univer¬ 
sity, has accepted appointment under 
the Central Government of India as 
director of the National Chemical 
Laboratories of India. The appoint¬ 
ment is for an initial period of three 
years. 

Jerome J. Howland, Jr., has be 
come a member of the staff of Chem¬ 
istry Department of Brookhaven Na¬ 
tional Laboratory. Dr. Howland has 
been performing research in nuclear 
chemistry at the University of Cali¬ 
fornia Radiation Laboratory. 

H. S. Hulbert and George Rus¬ 
sell Agassiz have been chosen patrons 
of the American Astronomical Society. 
Judge Hulbert was instrumental in the 
creation of the University of Michi¬ 
gan 's McMath-Hulbert Observatory at 
Lake Angelus, near Detroit. Dr. 
Agassiz is vice chairman of the Com¬ 
mittee to Visit the Department of 
Astronomy of the Board of Overseers 
of Harvard College. 

Oskar Baudiich of the New York 
State Research Institute of the Sara¬ 
toga Spa at Saratoga Springs, New 
York, is temporarily stationed at the 
U. 8 . Plant, Soil, and Nutrition Lab¬ 
oratory at Ithaca, New York, as a 
consultant in biochemistry. While 
there, he will conduct research on the 
relationship of cobalt to nutritional 
problems. 

Thomas Addis, professor emeritus 
of medicine at Stanford University, 
is now a member of the Institute for 
Medical Research at Cedars of Leba¬ 
non Hospital, Los Angeles, where he 
will continue his laboratory investiga¬ 
tions into problems related to renal 
diseases. He will collaborate with 
Hurry Goldblatt, director of the In¬ 
stitute, in studies on the relationship 
between kidney function and high 
blood pressure, and with Jessie Mar- 
morsten In studies of adrenal glands 
as related to the kidneys* 


Paul R. Burkholder, Eaton profes¬ 
sor of botany at Yale, is making a 
15,000-mile trip throughout Latin 
America to collect soil samples for 
examination in his search for new 
antibiotics. The soil will also be 
analyzed for its agricultural qualities. 
Last year Dr. Burkholder discovered, 
in a sample of Venezuelan soil, the 
mold which makes the drug Chloro¬ 
mycetin. 

Fred Ordway has become a re¬ 
search associate at the National 
Bureau of Standards, on the staff of 
the Portland Cement Association Fel¬ 
lowship. 

Herbert F. Traut, professor of ob¬ 
stetrics and gynecology at the Uni¬ 
versity of California Medical School, 
will deliver the Annual Barnard Lec¬ 
ture at the St. Louis Medical Society 
Auditorium in St. Louis, Missouri, on 
February 1. Dr. Traut will spook on 
"Cytological Diagnosis of Cancer as 
It Applies to the Female Genital and 
Pulmonary Tracts." 

Visitors to U. S. 

Olaf E. Ryberg, lecturer at the 
Alnnrp Institute, Akarp, Sweden, re¬ 
cently visited zoological and entomo¬ 
logical laboratories in the United 
States, and attended the Washington 
meeting of the AAAS and the New 
York meeting of the American Asso¬ 
ciation of Economic Entomologists. 
He will report to the Swedish govern¬ 
ment on the status of economic zool¬ 
ogy and entomology in the U. B. 

Albert Szent-Gyorgyi, Hungarian 
biochemist who won the 1997 Nobel 
laureate in medicine, is working as a 
special research fellow at the Na¬ 
tional Institute of Health, BethoBdu, 
Maryland. Assisting him is Koloman 
Laki, another Public Health Service 
Fellow, who had worked with Dr. 
Szent-Gyorgyi at the University of 
Budapest. 

Hideki Yukawa, physics professor 
nt Kyoto Imperial University, and 
Shiauo Kakutani, professor and head 
of the Department of Mathematics at 
Osaka University, are now at' the 
Institute for Advanced Study at 
Princeton, and recently lectured at 
Carnegie Institute of Technology. 


Patrick L. Mollioon, of the Post¬ 
graduate Hospital in London, Eng¬ 
land, who is visiting here, recently 
spoke at Duke University Hospital, on 
"Survival of Transfused Bed Blood 
Cells." 

Grants and Awards 

The Oersted Medal of the Ameri¬ 
can Association of Physics Teachers 
will be awarded Arnold Sommerfeld, 
79-year-old German physicist at the 
Association's annual meeting in New 
York, January 27-29. 

The Ernst Bischoff Company of 
Connecticut has made available a 
grant of (1,200 to Brooklyn College, 
to be used under the direction of 
Harry G. Albaum of the Department 
of Biology. 

Forty-two Public Health Service 
Grants totalling $1,498,333 have been 
awarded to medical schools for de¬ 
veloping or expanding undergraduate 
training in psychiatry. The first funds 
will be made available for the 1949-50 
school year. Subsequent payments will 
bB in annual allotments for the noxt 
two school years. In selecting the 
schools to receive grants, the Council 
favored those that were not receiving 
other mental hygiene grants from the 
Government and had not been able to 
establish a strong program but had 
potentialities for doing so. 

Eta Kappa Nu, national honor 
society for electrical engineering, has 

selected Abe Mordecai Zarem, mana¬ 
ger and chairman of physics research 
of the Stanford University Research 
Institute at Los Angeles, as the Out¬ 
standing Young Electrical Engineer 
of 1948. Jay Wright Forrester, asso¬ 
ciate director of the Servomechanisms 
Laboratory, Massachusetts Institute 
of Technology, and Milton E. Mohr, of 
the Bell Telephone Laboratories Tech¬ 
nical staff in New York, were selected 
for honorable mention. 

The XlrksvQle College of Oste¬ 
opathy and Surgery has received a 
grant of $8,920 from the National 
Institutes of Health, U. S. Public 
Health Service, to continue electro¬ 
myographic studies of single motor 
units. Three grants totaling $10,718 
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were also awarded by the Research 
Fund of the American Osteopathic 
Association, to continue - studies of 
reflex activity in the spinal cord, to 
assist research on morphological varia¬ 
tions of the motor end plate and vis¬ 
ceral alterations resulting from altera¬ 
tions of the vertebral area, and to 
continue structural studies of the 
rural school children in Adair County, 
Missouri. 

The University of Michigan re¬ 
cently announced grants amounting to 
$20,065 for research by University 
Btaff members. The grants, effective 
January 1, were made available from 
the Faculty Research Fund and the 
Horace H. Rackham Fund. II, M. 
Randall, professor emeritus of physics 
was awarded $9,000 for a study of the 
applications of infrared spectroscopy 
to biological research. A $2,500 grant 
for an inquiry into neuro-eellulnr gen¬ 
eration of nerve impulses was made 
to Robert Go sell, chairman of the 
Department of Physiology in the 
Medical School. Among the othor 
grants were two of $2,000 each: to 
Emmet T. Hooper, nssocinto professor 
of zoology, and Floyd A. Peyton, pro¬ 
fessor of dentistry. 

Fellowships 

Applications for the newly created 
Howard Hughes Fellowships iu Cre¬ 
ative Aeronautics must be sent to the 
Dean of Graduate Studies, California 
Institute of Technology^ Pasadena 4, 
California, before February 15, 1940. 
Open to qualified graduate students, 
the fellowships carry a stipend of 
$1,500 or more, plus $1,500 for tuition 
and research expenses and a salary of 
$2,000 or more for work at Hughes’ 
Culver City aircraft plant. 

The Institute for Numerical An¬ 
alysis of the National Bureau of 
Standards, at the University of Cali¬ 
fornia, Los Angeles, is offering re¬ 
search fellowships for the summer of 
1949 and the academic year 1949-50 to 
qualified graduate students now en¬ 
rolled In accredited schools, Fellows 
will be expected to perform mathema¬ 
tical research aimed at methods for 
advancing applications of high-speed 
automatic digital computing machin¬ 
ery. Work done under a fellowship 
may be applied toward a thesis for an 


advanced degree. Stipends will be 
based on annual salaries of $2,294 for 
master's degree candidates and $3,727 
for doctoral candidates. Furthor in¬ 
formation and application blanks mny 
be obtained from the Chief, Institute 
for Numerical Analysis, 405 Hilgard 
Avenue, Los AngeleB 24, California. 

Colleges and Universities 

The New York University-Belle- 
vue Medical Center has received a 
gift 11 in excess of $8,000,000” from 
the Samuel H, Kress Foundation. Un¬ 
der terms of the grant, the money 
will be used -to develop a wide program 
of postgraduate medical education at 
the Center. 

Southern Methodist University, 

will lay the cornerstone for its $2,000,- 
000 Fondren Hall of Science on Feb¬ 
ruary 8. The construction of the 
all-science building, due to be com¬ 
pleted thiB fall, was made possible by 
a gift of $1,000,000 from Mrs. W. W. 
Fondren of Houston, Texas. The 
building will house the Departments 
of Biology, Chemistry, Physics, Geol¬ 
ogy, and Geography. 

A pilot plant to produce equllenin, 

u hormone that may be convertible 
into the male and female sex hor¬ 
mones, has been set up by the Wiscon¬ 
sin Alumni Research foundation at the 
University of Wisconsin. The value 
of equilenin, according to Wisconsin 
scientiats, lies in the fact that it 
ib the only hormone that can be made 
synthetically from coal tar products. 
The process being used is the result 
of basic research begun in 1041 under 
the direction of William 8. Johnson of 
the University. 

Meetings and Elections 

The third annual meeting of the 
American Academy of Oral Pathol¬ 
ogy will be held at the Stevens Hotel 
in Chicago, February 0. Robert A. 
Moore, dean of the School of Medicine 
and professor of pathology, Washing¬ 
ton University, will speak at the eve¬ 
ning banquet. 

The Kentucky Psychological As¬ 
sociation will hold a two-session clini¬ 
cal meeting in Louisville, Kentucky, 


February 15. A second meeting, de¬ 
voted to educational psychology mid 
mental hygiene, will take place in 
Louisville in April, at the time of the 
Kentucky Education Association Meet¬ 
ing. A third meeting, devoted to re¬ 
search reports and association business, 
is scheduled on May 21 at the Univer¬ 
sity of Kentucky. 

The Section on Microbiology of 
The New York Academy of Medi¬ 
cine will conduct a symposium on cer¬ 
tain aspects of the biology, metabolism, 
immunity, diagnosis and treatment of 
the more common parasitic infections, 
Tuesday evening, March 15, and 
Wednesday after and evening, March 
Iti, at the Academy’s headquarters, 2 
East 103 Street, New York City, 

The American College of Physi¬ 
cians will hold its 30th annual session 
March 28 through April 1 in New 
York City. Dr. Franklin M. Hanger, 
Jr., of New York City, is acting ns 
chairman for local arrangements and 
Hie program of clinics and panel dis¬ 
cussions, while the president of the 
College, Dr. Walter W. Palmer, di¬ 
rector of the Public Health Research 
Institute of the City of New York, 
Inc., will be in charge of the program 
of morning lectures and afternoon 
general sessions. 

The Sixth Western Metal Con¬ 
gress and Western Metal Exposition 

will be held in Los Angeles April 11- 
15, under the management of the 
American Society for Metals. A tech¬ 
nical program on all phases of metal 
science is being developed in coopera¬ 
tion with the western sections of 20 
other national technical societies. 
Latest developments and techniques 
will be displayed by manufacturers of 
basic materials, ns well as processors 
of all types of industrial products. 
Further information may be obtained 
by writing to the American Society for 
Metals, 7301 Euclid Avenue, Cleveland 
3, Ohio. 

The 1949 Conference of Corrosion 
Engineers will be held April 11-14 
in Cincinnati, Ohio. Forty-two tech¬ 
nical papers will be presented at 11 
symposia, on corrosion principles, 
chemical industry, electrical and com¬ 
munications industries, cathodic pro¬ 
tection, pulp and paper industry, 
general industry, transportation indue- 
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try, protective coatings, oil industry, 
salt water corrosion, and gas industry. 

The Society of American Bacteri¬ 
ologists will hold its 1049 annual meet¬ 
ing May 1G-20 in Cincinnati, Ohio. 
Walter J. Nungester, University of 
Michigan, will act as chairman of the 
program Committee; while Merlin L. 
Cooper, Cincinnati General Hospital, 
will serve ns chairman of the Cincin¬ 
nati Local Committee in charge of the 
meeting. 

Recently elected officers of the So¬ 
ciety for the 1949 term are: Wm. McD. 
llnmmon, Hooper Foundation, San 
Francisco, president; Barnett Colien, 
Johns Hopkins University, vice-presi¬ 
dent; and John E. Blair, Hospital for 
joint Diseases, New York City, secre¬ 
tary-treasurer. 

The Fourth International Confer¬ 
ence of the International Associa¬ 
tion of Quaternary Research will 
meet in Budapest August 22—Septem¬ 
ber 15. Students of Pleistocene 
research—stratigraphy, anthropology, 
paleontology, geomorphology—are in¬ 
vited to attend. Two excursions, one 
tu western Hungary and one to east¬ 
ern Hungary, will be made. Full 
particulars may be obtained from the 
Hungarian Committee for INQUA IV, 
Hungarian Geological Institute, XIV 
Vorosilov-ut 14, Budapest. 

The American Anthropological 
Association held its 47th annual meet¬ 
ing at the University of Toronto and 
the Royal Ontario Museum of Archae¬ 
ology on December 28-30. Its newly 
elected officers are: A. Irving Hallo¬ 
wed, University of Pennsylvania, presi¬ 
dent; Harry Holjer, University of 
California, Los Angeles, vice presi¬ 
dent; and John O. Brew, Peabody Mu¬ 
seum, Harvard University, and Morris 
E. Opler, Cornell University, Executive 
Board members. Melville Herakovits, 
Northwestern University, took office as 
editor of the American Anthropologist 
beginning with 1049. 

The Division of Biological Chem¬ 
istry of the American Chemical So¬ 
ciety has elected as chairman John T. 
Edsall, associate professor of biologi¬ 
cal chemistry at Harvard University. 
He succeeds Erwin Brand of the Co¬ 
lumbia University biochemistry de¬ 
partment. Jules D. Porsche, assist- 
flnt director of the chemical research 


and development department of the 
Armour Laboratories, Chicago, was 
named vice chairman and Paul W. 
Preiiler, associate professor of bio¬ 
logical chemistry at Washington Uni¬ 
versity, was chosen secretary, succeed¬ 
ing Dr. Edsall. 

The Botanical Society of Wash¬ 
ington has elected the following offi¬ 
cers for 1049: Roland Bamford, presi¬ 
dent ; H. A. Borthwick, vice-president; 
A. V. P. Smith, recording secretaiTy; 
Vivian K. Toole, corresponding secre¬ 
tary; Wilbur D. McClellan, treasurer; 
and E. L. LeClerg and R. L. Wein- 
traub, counsellors. John A, Stevenson 
was made archivist, and Freeman 
Weiss was nominated as representative 
to the Washington Academy of 
Sciences. 

The Ninth General Conference 
on Weights and Measures 

The General Conference on Weights 
and Measures, established in 1H75 by 
the treaty known as the Convention 
of the Meter, held its ninth session 
in Sfcvres, France, October 12 to 21, 
1048. The regular interval between 
meetings of this Conference is six 
years, but the series of meetings had 
beon interrupted by the war and no 
sessions had been held since 19N3. 

At its inaugural meeting the Con¬ 
ference was received by M. Robert 
B chum an in the historic Salon de 
UHorlogc at the Ministry of Foreign 
Affairs. The regulations provide that 
the President of the Academy of Sci¬ 
ences of Paris shall serve as President 
of the Conference. M. Henri Villat, 
the present President of the Academy, 
presided at some of the «easions. M. 
Louis de Broglie, Permanent Secre¬ 
tary of the Academy and head of the 
French delegation in the Conference, 
presided at others. 

The Conference included fifty-five 
delegates appointed by twenty-eight 
of the governments which belong to 
the organization. Only five Btates tiad 
not sent delegates, two among them 
because they do not now have, gov¬ 
ernments. 

The International Committee on 
Weights and Measures, whose mem¬ 
bers are elected by the Conference, 
serves as a technical committee for 
the Conference. The Committee in 


turn is assisted by three special Ad¬ 
visory Committees dealing respectively 
with electricity, photometry, and ther¬ 
mometry and calorimetry. The In¬ 
ternational Bureau of Weights and 
Measures at S&vres constitutes a per¬ 
manent central office and laboratory 
for the Conference and the Com¬ 
mittee. 

A general report on the activities 
of the International Bureau during 
the past fifteen years was presented 
by tile President of the Internationnl 
Committee, Mr. J. E. Sears of Great 
Britain. The Conference was then 
cslled upon to sanction the principal 
metrological results obtained during 
these fifteen-years, including the final 
operations of the first poriodic veri¬ 
fication of national prototype meters 
and current determinations in the 
second periodic verification of the 
national prototype kilograms. With 
the exception of two kilograms which 
were well known to have been slightly 
reduced by wort, the new values re¬ 
ported to the Conference, both for the 
meters and for the kilograms, differed 
from the original values of 1889 only 
by amounts loss than the possible 
errors of measurement involved. The 
historic "Kilogram of the Archives" 
was also included in these compari¬ 
sons and showed a diminution of 0.4 
milligram, which was not surprising 
in view of the character of the nm to¬ 
nal from which it was made. 

The idea of substituting a wave¬ 
length of light for the bar of plnti- 
uum iridium which has been, and stilj 
is, the basic standard of length, is not 
new. However, this idea received at 
this meeting important support by the 
reports on production of elements 
consisting of a single isotope. These 
were mercury of mass 198 obtained in 
the United States by bombardment 
of gold 107 and in Sweden by electro¬ 
magnetic methods of separation, and 
also krypton of masses 84 and 80 ob¬ 
tained in Germany with a purity of 
99.9 per cent. By using these ma¬ 
terials of single atomic mass one 
should be able- to obtain spectral lines 
especially fine and of well-defined 
wavelength. The experiments re¬ 
ported confirmed this expectation but 
indicated that further studios will be 
necessary before one can consider 
making the change in the basic 
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standard of length. The Conference 
reached this conclusion. 

In view of the very large number 
of measurements which are being 
made of relative values of gravity, 
a determination of the absolute value 
of this quantity haB assumed large 
importance. Preparations are being 
made at the International Bureau to 
make this determination by observa¬ 
tions on a falling body in place of 
the pendulum which bus served in all 
previous determinations. The Soviet 
and the Spanish delegations presented 
at the Conference similar proposals 
giving active support to this work. 

The International Committee de¬ 
cided in 1946 to arrange for the in¬ 
troduction in all countries simulta¬ 
neously on January 1, 1948, of ab 
solute electrical units to replace the 
previously used international units. 
It likewise arranged for the substi¬ 
tution of a single unit of intensity 
of light, the "candela" (previously 
called H bougie nouvelle " or "new 
candle"), based on the brightness 
of a black body, in place of the 
former units, the international candle 
and the hefner. These actions of the 
Committee were confirmed by the 
General Conference. 

In meetings which preceded the 
Conference and prepared proposals 
for it everybody was found to be in 
accord on the adoption of the joule 
as the basic unit of heat, but some 
physical chemists wished to retain the 
calorie, and the relation of that unit 
to the joule presents ri difficult ques¬ 
tion. The decision on this point 
ndopted by the Conference was to ask 
only that those who still use the 
cnlorie shall give with their results 
all the information necessary to con¬ 
vert their results to joules. 

Important changes of principle 
affecting the thermometric scale were 
accepted. The triple point of water 
is to replace the molting point of 
ice as the first fundamental fixed 
point, and it is forecast that the ab¬ 
solute zero in the Kelvin scale will 
be substituted for the boiling point 
of water as the second fundamental 
point. The International Tempera¬ 
ture Beale which has been in course 
of development for so many years by 
the collaboration of the great national 


laboratories arrived this time at such 
a state that the qualification " pro¬ 
visional 77 is dropped. Temperatures 
in this scale arc designated by <lo C" 
or "°C (Tnt. 1948) JJ and the name 
of "Celsius" was adopted to replace 
the terms "centesimal" and "centi¬ 
grade. ' 7 

The most difficult question with 
which the Conference had to deal was 
one which troubles many men of dif¬ 
ferent disciplines and many engineers, 
namely, the question of a practical 
international system of units. This 
question was presented to the Confer¬ 
ence by the International Union of 
Physics, but the Conference did not 
feel able to settle it immediately, 
particularly because it did not have at 
hand sufficient information. The Con¬ 
ference, therefore, made no decision 
further than to charge its Interna¬ 
tional Committee to undertake an 
official inquiry through the medium of 
the embassies and legations of the 
various countries which will be asked 
to report the opinions hold in each 
country in scientific, technical, and 
educational circles on this question. 
As a base of discussion there was 
presented a detailed document pre¬ 
pared by the National Scientific and 
Permanent Bureau of Weights and 
Measures of France. 

Undoubtedly in the fifteen years 
now passed in review the metric sys¬ 
tem has made considerable progress, 
but the agenda of the Conference 
wile too full to permit presentation of 
the reports on this subject by differ¬ 
ent delegations and the International 
Bureau. Those interested arc, there¬ 
fore, referred to the article on this 
subject which will appear in the Pro¬ 
ceedings of the Conference. 

The International Union of Physics 
had published a list including a very 
large number of symbols, or abbrevia¬ 
tions, which it recommended for mag¬ 
nitudes and for units. The Confer¬ 
ence accepted only the list of symbols 
relating to units, with the exception 
of one, the atmosphere. 

For the names of large numbers, 
the Conference recommended that 
countries in Europe, such as Belgium, 
Spain, France, Italy, Sweden, and 
Switzerland, abandon their present 
usage and adopt uniformly the prac¬ 


tice of other countries, which seemed 
perhaps a little more logical. This 
other practice may be represented by 
the mnemonic formula 10 *n - (N) il- 
lion, according to which a billion is 
a million millions, a trillion is a mil¬ 
lion billions, etc. It was recom¬ 
mended also that numbers written in 
groups of three digits should have 
only a space between successive groups 
of three, the comma (according to 
French usage) or the period (accord¬ 
ing to British usage) being reserved 
to serve as a decimal point. 

It is evident from the preceding ac¬ 
count that the Ninth General Con¬ 
ference had a large amount of work 
to do. The discussions at the meet¬ 
ings took place in an atmosphere of 
reciprocal scientific understanding 
which developed more and more in the 
course of the sessions. It may be of 
interest only to note a alight incident 
which arose through the presentation 
of a motion by one of the delegations 
at the first working session looking to 
the exclusion of another delegation. 
The reasons advanced, which were of 
political nature, were easily cleared 
away in individual discussions and no 
further questions of this kind' were 
raised. {Translated from a short re¬ 
port by Albert P6rard , director of the 
International Bureau of Weights and 
Measures.) 

Deaths 

Howard 8. Fawcett, 71, authority, 
on citrus diseases and professor emeri¬ 
tus of plant pathology at the Citrus 
Experiment Station, University of 
California, died December 12 at the 
Community Hospital, Riverside, Cali¬ 
fornia. Dr. Fawcett wrote the text 
Citrus diseases and their oontrols and 
contributed many articles to scientific 
journals. A charter member of the 
American Phytopathological Society, 
he received its highest honor in 1930 
by election to presidency of the na¬ 
tional group. 

Raymond C. Martinelli, 34,'asso- 
cate professor of mechanical engineer¬ 
ing at the University of California, 
died in Oakland, California January 9. 
Since 1040 Dr. Martinelli had done 
research for the Heat Transfer Sec¬ 
tion, Atomic Power Division of 
General Electric. 
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Qordcm E. Richards, 63, professor 
of radiology at the University of 
Toronto, director of the Ontario Insti¬ 
tute of Badiotherapy, and director of 
radiology at the Toronto General Hos¬ 
pital, died January in Toronto, Can¬ 
ada. 

R. L. Jones, 62, vice president of 
the Bell Telephone Laboratories, and 
former director of apparatus develop¬ 
ment, died January 14 at his home in 
Summit, New Jersey. 

Charles A. Marlles, 43, associate 
professor of chemical engineering at 
CCNY, engineering consultant, and 
author of the recently published Prin¬ 
ciple a of the high polymer theory , died 
January 14 in New York City. 

Harry Stack Sullivan, 50, psychia¬ 
trist and author, died in Paris, France, 
January 15, while enroute home from 
a Charter meeting of the World Federa¬ 
tion for Mental Health held in Amster¬ 
dam. Dr. Sullivan had served as editor 
of the journal Psychiatry, president of 
the William Alanson White Psychiatric 
Foundation of Washington, D. C., 
and director of the department of 
psychiatry, Georgetown University 
Medical School. 

Joaiah Charles Trent, 34, assistant 
professor of surgery at Duke Uni¬ 
versity School of Medicine and chief 
of thoracic surgery, died December 10 
at Durham, North Carolina* Dr. 
Trent was recognised for his writings 
and collection of books on medieal 
history, 


The Edwin Smith Surgical Pa¬ 
pyrus, the oldest record of scientific 
medical knowledge In the world, has 
been recently presented to the New 
York Academy of Medicine by the 
New York Historical Society and the 
Brooklyn Museum. The 8,000-year 
old transcription of a medical treatise 
written more than 1,000 years earlier, 
was discovered in Luxor, Egypt, by 
Edwin Smith, a student of Egyptol¬ 
ogy) who recognised its importance 
to medical history. Following Mr. 
Smith's death in 1900, the papyrus 
presented to the New York His¬ 
torical Society by hia daughter. 


Written in ancient hieratic style, 
the text of the papyrus had first to 
be reproduced in hieroglyphics before 
an English translation could be made. 
This work was accomplished by the 
late James Henry Breasted of the 
University of Chicago, and published 
in 1930 in two volumes. One volume 
contains a facsimile in color of the 
entire papyrus, the other Dr. Breast¬ 
ed 's translation and comments. The 
volumes, as well as the uriginal pa 
pyrus, have been presented to the 
Academy by the Society and the 
Museum. 

The author of the papyrus, whose 
name is unknown, was a physician 
who lived approximately 5,000 years 
ago when the Pyramids were being 
erected, and whose professional au¬ 
thority was so great that his works 
continued to be a scientific guide for 
medical practise for several milleniR, 
according to Dr. Breasted, The pa 
pyrus deals entirely with surgery in 
a series of 48 illustrative cases and 
obviously records only part of the 
original treatise. The author’s knowl¬ 
edge of anatomy was founded on 
human dissection and he already knew 
that blood flowed from the heart 
through the blood vessels to all parts 
of the body. 

Through the International Ex¬ 
change Program of the Department 
of State, given Congressional recog¬ 
nition by passage of the Mundt-Smith 
act on January 27, 1948, the U. S. 
Government now serves as a focal point 
in negotiating with other nations in 
the field of scientific and educational 
exchange. Office of Educational Ex¬ 
change, established April 22, 1948. 

The Division of International Ex¬ 
change of Persons assists persons mov¬ 
ing to and from this country for 
scholastic purposes and carries out 
Department responsibilities for cer¬ 
tain programs involving the use of 
Government funds for the exchange 
of students, trainees, professors, re¬ 
search specialists, teachers, and lec¬ 
turers. It also deals with the assign¬ 
ment of foreign specialists to certain 
projects and reviews requests for the 
loan of U. S. Government technicians 
made by foreign governments, 

The Division of Libraries and Insti¬ 
tutes augments the work of educa¬ 


tional exchange by the dissemination 
of books, by maintaining libraries 
overseas, and by assisting U. 8.-spon¬ 
sored educational institutes abroad. 
The libraries make available American 
printed matter and library facilities, 
such as bibliographic and reference 
services, to foreign officials, scholars, 
writers, professors, and the general 
public. They maintain staff services 
for Foreign Service and the U. S. In¬ 
formation Service abroad. 

The Interdepartmental Committee 
on Scientific and Cultural Cooperation 
is the coordinating unit for the edu¬ 
cational exchange program. This 
Committee keeps advised of scientific 
Find technical resources developed 
within thiB Government and assists 
other countries seeking advice on such 
subjects as agriculture, archival sci¬ 
ences, coast and geodetic surveying, 
fishery development, industrial research 
and standardization, library science, 
mining, metallurgy, and wildlife re¬ 
source- Foreign governments con¬ 
tribute to the maintenance of these 
projects. 

The Univeraity Maria Curie-Sklo- 

dowska, Lublin, Poland, is publishing 
the rosults of its scientific investiga¬ 
tions in a series of volumes entitled 
Annales Univ ersitatis Marine Cur it - 
Sklodowaka. The annals comprise 
papers in natural science and related 
branches and are divided into the 
following sections: A—Mathematics, 
Physics and Chemistry; B—Geogra 
phy, Geology, Mineralogy and Pc 
trography; C—Biology; D —Medi¬ 
cine; E—Agriculture; F—Philoso¬ 
phy and Humanities. One volume of 
each section will be published each 
year, and several are now in print. 
Further information may be obtained 
by writing to the University, Pine 
Litewskl 5, Lublin, Poland. 

A report on Mental Hygiene Sta¬ 
tistics, the first in a forthcoming series 
to be designated as the MH-S series, 
has been Issued by the Division of 
Mental Hygiene, Public Health Ser¬ 
vice, Federal Security Agency, Wash¬ 
ington 20, D. C. Statistics cover the 
normal capacity, percentage of over¬ 
crowding, full-time administrative 
staffs and expenditures for the main¬ 
tenance of state hospitals for mental 
disease in 1946 by states and diri- 
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sions of tile U. 8. The MH-8 aeripR 
will make available the results of the 
annual Survey of Patient* in Menial 
Institution a prior to the publication 
of a consolidated final report, 

The radioisotope training facilities 

of the Oak Ridge Institute of Nuclear 
Studies have been opened to a limited 
number of scientists who are citizens 
of nations qualified to receive radio¬ 
isotopes under the Commission r s iso¬ 
tope export program. 

The first foreign scientists selected 
for the program are K. Atennan, De¬ 
partment of Anatomy, University of 
Birmingham, England, nnd P. 8. 
Khali nan of Madras, India. 

A report on German wartime ad¬ 
vance! in infrared technology, avail¬ 
able through the Office of Technical 
Services, Department of Commerce, 
reveals some German developments in 
the infrared field beyond those ncconi- 
plishod in the U. 8. during the war. 
In concentrating on military applica¬ 
tions, tlip Germans also perfected de¬ 
vices for photography, spectroscopy, 
nnd other uses promising wide indus¬ 
trial applicability. The report, PB 
95308, German War-Time Develop¬ 
ments in Infra-red , by T. M. Odarenko, 
wbh prepared in cooperation with 
University Laboratories, New York, 
and Bells for $3 a copy. Orders 
should be addressed to the Office of 
Technical Services, Department of 
Commerce, Washington 25, D, C., 
accompanied by check or money order 
payable to the Treasurer pf the United 
States. 

The Optical Society of America 

lias sponsored arrangements for two 
speaking tours among some of its local 
sections. On May 23, David Richard¬ 
son, of the Bausch and Lomb Optical 
Company, will address the Detroit, 
(Michigan) Section on the topic, "The 
Ruling and Testing of Diffraction 
Gratings. M Gordon F. Hull, Jr., of 
Dartmouth College, will give his lec¬ 
ture, * 1 Microwave and Optical Ana¬ 
logues, M before the Rochester (New 
York) Section on March 29, the Niag¬ 
ara Frontier Section on March 30, 
and the Detroit Section on April 1. 


The March for emission B stars 
and planetary nebulae in the Milky 
Way, begun on Mt. Wilson thirty years 
ugo, will be completed in South Africa 
during the next, 3 years. The PoJomar 
Observatories are loaning their 10-inch 
refractor telescope to the University 
of Michigan's Lamont-Hussey Obser¬ 
vatory at Bloemfontein, South Africa 
for the survey, which will be carried on 
under the direction of Leo Goldberg, 
director of the University of Michigan 
Observatory. All of the Milky Way 
that can be photogrnphod from Mt. 
Wilson has now been surveyed with 
red-sensitive plates and the remaining 
part will be studied from the Dark 
Continent. 

An expedition Under the direction 
of Archaeologist Axel W. Persson, 

of Upsala University, Sweden, will ex¬ 
plore ruins of the town of Labranda, 
in Asia Minor, this summer. The ruins 
date from about 400 B. C. Professor 
Persson's aim ia to establish a con¬ 
nection between Labranda's culture 
and that of the Minoan era in Crete, 
which ended about 1400 B. C. A 
Bwedish government grant will aid tile 
expedition. 

The Journal of the American So¬ 
ciety of Agronomy is now being issued 
under a new name, Agronomy Journal, 
which was adopted on January 1, 
coincident with the resignation of J. 
D. Luckett, editor of both the Journal 
and the Proceedings of the Soil Science 
Society of America for many years. 
His successor is Maurice R, Haag, 
formerly Experiment Station editor 
for the University of Wyoming. Tho 
editorial offices have been moved from 
Geneva, New York, to Madison, Wis¬ 
consin. 

Make Plans for— 

9th Pittsburgh Conference on Ap¬ 
plied Spectroscopy, sponsored by 
Spectroscopy Society of Pittsburgh, 
February 18-19, Mellon Institute Au¬ 
ditorium, Pittsburgh, Pennsylvania. 

Metropolitan Microchemical So¬ 
ciety of New York, symposium, Feb¬ 


ruary 25-26, American Museum of 

Natural History, New York City. 

Research Conference on Coccidi- 

oaii of the New York Academy of 

Sciences, March 3—4, American Mu¬ 
seum of Natural History, New York 

City. 

Recently Received— 

A study of line intensities in the spec¬ 
tra of four solar-type stars, by K. O. 
Wright. (Publ. Dominion Astro- 
physical Observatory, Victoria, B. C., 
Vol. VIII, No. 1.) Ottawa: Ed¬ 
mond Cloutier, 1948. $.25. 

Intensities of molecular bands in the 
spectra of three early R-typo stars, 
by Andrew McKellar and William 
Buscnmbo. (Publ. Dominion Astro- 
physical Observatory, Victoria, B. 
C., Vol. VII, No. 24.) 

You and your future at Aberdeen 
Proving Ground. Information about 
position openings obtainable from 
Civilian Personnel Division, Aber¬ 
deen Proving Ground, Maryland. 

Report of the Nnval Ordnance Labora¬ 
tory, November 1048. 

Cenco News Charts, No. 02. Published 
by Central Scientific Company, Chi¬ 
cago, Illinois, and featuring on 
article about the American Chemical 
Society. 

Highlights. Published by the Eastman 
Kodak Company, Rochester, New 
York, and summarizing current newB 
and information of interest to 
shareholders and friends of the Com¬ 
pany. 

Farm k Home Science. Published 
quarterly by the Utah Agricultural 
Experiment Station. 

Social Science Research Council Items. 
Contains Council news and special 
social science articles. 

Dow Coming Silicone Note Book 
(Fluid Series No. 3). Illustrated 
booklet issued by the Dow Coming 
Corporation, Midland, Michigan. 

A survey of pumping in Illinois. 
(Highway Research Board Research 
Report No. ID,) Washington, 
D. C.: 2101 Constitution Avenue, 
1948. 
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Energy from Fossil Fuels 

M. King Hubbert, Associate Director, 

Exploration and Production Research Division, Shell Oil Company, Inc . 


HE EARTH MAY BE REGARDED os a 
material system whose gain or loss of matter 
over the period of our interest is negligible. 
Into and out of this system, however, there occurs a 
continuous flux of energy, in consequence of which the 
material constituents of the surface of the earth un¬ 
dergo continuous or intermittent circulation. For the 
present discussion we shall restrict our attention to 
the nonrndioactive materials. The preponderance of 
the energy involved in this process is that derived 
from solar radiation, and a small fraction of the mat¬ 
ter at or nenr the surface of the earth occurs in the 
peculiar aggregates known as living organisms. From 
geological evidence, organisms have existed upon the 
earth for probably as long as a billion years, and it 
appears that evolution had proceeded far enough that 
a species recognizable as man must have existed 
roughly a million years ago. The population of this 
species at that stage is unknown but evidently was 
not large. It existed in Borne sort of ecological ad¬ 
justment with the rest of the organic complex, and 
competed with the other members of the complex for 
a share of solur energy essential to its existence. At 
that hypothetical stage its sole capacity for the utili¬ 
zation of energy consisted in the food it was able to 
eat—the order of 2,000 kilogram-calories per capita 
per day. 

Emancipation from this dependence upon contem¬ 
porary solar energy was not possible until some other 
and hitherto unknown source of energy became avail¬ 
able. This hud its beginning about the thirteenth 
century when some of the inhabitants of Britain made 
the discovery that certain black rocks found along the 
shore of the East Const, and thereafter known as “sea 
coles/ 1 would burn. From this discovery there fol¬ 
lowed in almost inevitable succession the mining of 
coal and its use for the smelting of metals, the de¬ 
velopment of the steam engine, the locomotive, the 
steamship, and steam-electric power. 

This development was further augmented when, 
about a century ago, the second large source of fossil 
energy—petroleum and natural gas—was tapped, lead¬ 
ing to the internal combustion engine, the automobile, 
the aeroplane, and Diesel-electric power. 

"Energy from Fossil Fusls” wu one of tki papers prs- 
•aatod as part of cho Symposium on Sources of Energy, hold 
ha Washington, D. C, on September IS, during the Cen¬ 
tennial Celebration of the AAAS. 


A third source of fossil energy, oil shale, although 
exploited on a small scale for almost a century, is 
only now approaching its phase of rapid development. 

Ratks of Production 

It is to the rate of increase and the magnitude of 
the consumption of energy from fossil fuels that I 
now wish to direct your attention. 

Consider coal. Although production statistics for 
the earlier periods are not available, it is known that 
from the initial discovery and use of “sea coles’* to 
the present there haR been n continuous increase in the 
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rate of consumption of this commodity. During the 
eighteenth century the need for power for the coal 
mines led to the development of the steam engine, and 
the demand for better means of transportation led 
flrst to the railroad and then to the steam locomotive. 
We know also that before the end of the eighteenth 
century the employment of this new source of energy 
had Tcached such a magnitude in Britain as to produce 
the major social and economic disturbances referred 
to as the “Industrial Revolution." 

By 1804 (11, 12) (Fig, 1), from which date annual 
world production statistics are available, the annual 
production of coal in the world had reached about 180 
million metric tons per year, and from that date until 
1914, when it had reached a rate of 1,300 million tons 
per year, it continued to increase geometrically at a 
rate of 4 percent per year, or at a rate such that the 
annual production was doubling every 17 years. 
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The length of time during which coal has been 
mined is likely to be misleading. To appreciate the 
magnitude of what is happening and the brevity of 
time during which most of it has occurred, consider 
these facts: By the end of 1947 the cumulative pro¬ 
duction of coal during all past human history 
amounted to approximately 81 billion metric tons. 
Of this, 40 billion, or approximately one half, had 
been mined and consumed since 1920. Sixty-two bil¬ 
lion, or more than three-quarters, has been produced 
since 1900. 



The world production of petroleum is shown graphi¬ 
cally in Fig. 2 (4J). The first commercial produc¬ 
tion of petroleum was begun in 1857 in Rumania. 
Two years later the first oil well in the United States 
was completed. From these beginnings, with only an 
occasional setback, the world production of petroleum 
has increased spectacularly, reaching by the end of 
1947 an annual rate of 477 million cubic meters (3 
billion U. S. barrels). From 1860 to 1929 the rate 
of production doubled, on the average, every 71 
years, or at an average annual rate of increase of 
slightly more than 9 percent. Since 1929 the Tate of 
increase has declined somewhat and the doubling 
period increased to about 15 years. 

Again, to emphasize the brevity of time during 
which most of this has occurred, the cumulative pro¬ 
duction by the end of 1947 was 9.17 billion cubic 
meters (57.7 billion U. S. barrels). Of this, one-half 
has been produced and consumed since 1937, or dur¬ 
ing the last 10 years, and 97 percent since 1900. 

The energy content of the coal and petroleum which 
has been consumed, expressed in kilogram-calorics, is 
shown in Fig. 3. From these two sources the energy 


per year amounted in 1939 to 15 x 10 1B , or 15 thou¬ 
sand trillion, kilogram calories per year, of which ap¬ 
proximately four-fifths and one-fifth were contributed 
by coal and petroleum respectively. 



Because of the lack of world production statistics, 
the energy from natural gas has not been included. 
In the United States about 400 cubic meters of natural 
gas are produced for each cubic meter of oil, with an 
energy content of about four-tenths that of oil. Since 
oil and gas are genetically related it may be presumed 
lhat this approximate ratio is valid for the rest of the 
world also. Hence, the energy from the natural gas 
that has been produced may be assumed to be at least 
40 percent of that of petroleum. 


Growth or Population 

One of the most disturbing ecological influences of 
recent millennia is the human species' proclivity for 
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Flo. 4. Growth o t world population. 

the capture of energy, resulting in a progressive in¬ 
crease of the human population (4, 6). This is borne 
out by the growth curve of human population Binee 
1650, shown in Fig. 4, based on the studies of Carr- 
Baunders (4), and the recent estimate of Davis (5). 
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According to these estimates the world population has 
increased from about 545 million in 1650 to 2,171 
million by 1940, The greatest rate of increase during 
this period has been that of the last half-century, dur¬ 
ing which the world population has been increasing 
at such a rate as to double itself every century, or at 
an annual rate of increase of 0,7 percent. 

Such a rate is not “normal,” as can be seen by back¬ 
ward extrapolation. If it had prevailed throughout 
human history, beginning with the mythical Adam 
and Eve, only 3,300 years would have been required 
to reach the present population. If, on tile contrary, 
we assume the human race to have been in existence 
for a million years, and to have increased ul a uniform 
exponential or geometrical rate, starting with a single 
pair, the present population would have been reached 
in that time by a rate of increase of 2.1 x 10" 4 percent 
per year, or a rate of growth that would require 33,000 
years for the population to double. At such a rate 
it is doubtful whether any census could detect a 
change in the population during one man’s lifetime. 

That the present rate of growth cannot long con¬ 
tinue is also evident when we consider that at this 
rate only 200 more years would be required to reach 
a population of nearly 9 billion—about the maximum 
number of people the earth can support. In fact, at 
such a rate, only 1600 years would be required to 
reach a population density of one person for each 
square meter of the land surface of the earth. 

Prior to 1800 most of the energy available to man 
was that derivable from his food, the labor of his ani¬ 
mals, and the wood he used for fuel. On a world-wide 
basis it is doubtful if the sum of these exceeded 10,000 
kilogram-calorics per man per day, and this was a 
Heveralfold increase over the energy from food alone. 

After 1800 there was superposed on top of theBc 
sources the energy from fossil fuels. From a world 
average of 300 kilogram-calories per capita per day 
in 1800 the energy from coal and petroleum increased 
to 9,880 by 1900, and to 22,100 by 1940. In the areas 
of high industrialization this quantity is much larger. 
In the United States, for example, the energy from 
coal and petroleum consumed per day per capita 
amounted in 1940 to 114,000 kilogram-calories (5); 
and from coal, petroleum, and natural gas, to 129,000. 

Physical Limits to Expansion 

From the foregoing data it should be clear that 
while we are concerned with a progression of ancient 
origin, the developments within the last century, and 
especially within the last few decades, are decidedly 
exceptional. One cannot refrain from asking, u Where 
is it taking usf How long can we keep it upl” 

This leads us to consider what physical limitations 
there may be upon the various types of energy whose 


expansion wc have noted. In the case of the fossil 
fuels the answer is simple. As remarked before, these 
fuels represent an accumulation over 500 million years 
of geologic time, aud any additional accumulation that 
may be expected within the next 10,000 years is neg¬ 
ligible. When these fuels are burned, their material 
content remains upon the earth in a relatively useless 
form, but the precious energy, after undergoing a 
sequence of degradations, finally leaves the earth as 
spent, long-wavelength, low-temperature radiation. 
Hence, we deal with an essentially fixed storehouse of 
energy which wc are drawing upon at a phenomenal 
rate. The amount which remains at any given time 
equals the amount initially present less that which 
has been consumed already. 

The amount consumed up to any given time is pro¬ 
portional to the area under the curve of annual pro¬ 
duction plotted against time, This area may ap¬ 
proach but can never quite equal the amount initially 
present. Thus we may announce with certainty that 
the production curve of any given species of fossil 
fuel will rise, pass through one or several maxima, 
and then decline asymptotically to zero. Hence, while 
there is an infinity of different shapes that such a 
curve may have, they all have this in common: that 
the area under each must be equal to or less than the 
amount initially present. 

Amounts or Fossil Fuels 

While the quantities of fuels upon the earth are not 
known precisely, their order of magnitude is pretty 
definitely circumscribed. The most accurately known 
is coal. At the Twelfth International Geological 
Congress at Ottawa in 1913 a world review of coal was 
made and the amount capable of being mined was 
estimated to be about 8 x 10 IS metric tons. Since that 
time some adjustments in the estimates have been 
made, giving us a present figure of about 0.3 x 10 ia 
metric tons of coal initially present. 

Within the last few years this figure has been criti¬ 
cized by mining engineers (2, 5) on the grounds that 
while the estimated amount of coal may in fact be 
present, the amount recoverable by practical mining 
operations is but a fraction—possibly as small os one- 
tenth—of the foregoing estimate. The degree of 
validity of this criticism still remains to be determined. 

For petroleum the estimation is considerably less 
accurate than that for coal but still it is probably 
reliable as to the order of magnitude. The method of 
estimation in this case is that of sampling. In the 
better-known areas the amount of petroleum pro¬ 
duced per unit volume of certain classes of rocks has 
been determined. The areas and volumes (within 
drillable depths) of similar rooks over the earth are 
fairly well known. By application of the same factor 
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for the uodrilled areas as for those dow well known, 
an order of magnitude of the petroleum that may exist 
may be obtained. 

The most comprehensive studies so far made public 
appear to be those of Weeks, which are cited by Wal¬ 
lace E. Pratt (1-9). According to these studies, in a 
volume of 10-12.5 million cubic kilometers (2.5-3.0 
million cubic miles) of sediments in the United States 
there have already been discovered 8.4 x 10 B cubic 
meters (53x10® barrels) of oil. This represents 
about 10 percent of the total volume of such scdimentB 
of the land areas throughout the world. Hence, it U 
estimated that for the world there should have been 
present initially about ten times as much oil as for the 
United States. A similar volume of sediments occurs 
on the continental shelves, which may contain about 
os much oil as the land sediments. 

Assuming that the land areas of the United States 
will produce 16 x 10 fl cubic meters (100 billion bar¬ 
rels), then a reasonable estimate for the world would 
be: 

Land: 160 x 10 9 in* 

Continental Shelves: 160 x 10® m a 

TotaL 320 x 10 B m a 

These figures are regarded as being somewhat liberal 
and the quantity of oil may actually be considerably 
less. Not included in the figures are the ALhabasks 
Tar Sands (fl), estimated to contain about 30x10® 
cubic meters of oil. 


about three times the amount of oil shales in the 
United States, we would obtain, for an order of mag¬ 
nitude, 160x10° cubic meters (1,000 billion barrels) 
of oil from this source. 

The results of these estimates are given in Table 1 
and shown graphically in Fig. 5. It will be noted that 
92 percent of the estimated total iB represented by coal 



—a figure which will not be greatly altered by any 
reasonable adjustments of the estimates of the re¬ 
maining fuels, but may be considerably altered if the 
minable amount of coa) is less than usually assumed. 

The amount of the initial coal already consumed iB 
1.35 percent; that of oil and natural gas, inclusive of 
the Atliabaska Tar Sands, about 5 percent. The frac¬ 
tion of shale oil already produced is negligible. From 
these data the estimated initial supply of energy stored 
in fossil fuels is of the order of 50x10 18 kilogram- 


HfHolircp 


TABLE 1 

LiNKiiuY of Fossil Fubj.h 


Initially present 


IfilllTKY 

Quantity content 

(IG U kg-eal) 


Percentage 

total 

initial 

energy 


Already consumed 


Energy 

Quantity content 

(IQ 1 " kg-cnl) 


Initial 

<%> 


2<ml ■ . 

0.3 x 10 11 metric tons 

40.0 

92.2 

81 x 10“ metric tons 

0.50 

1.3 

Petroleumt . . 

lOOxlO^m 1 

1.5 

3.0 

H.17xl(Pm* 

0.087 

5.7 

Tur Sundst ... 

30x1 (Pm" 

o.a 

0.0 



- . • 

Natural Giih| . 

64 x lo u m 3 

0.0 

1.2 

3.7 x lO^m* 

0.035 

6.7 

Oil Hhnlell . ■ 

100 x 10 B m a 

1.5 

3,0 




Total . 

. 

40.0 

100,0 


0.712 

1.4S 


■ Revised from estimate. Twelfth International Geological Congress (1013). 

t Baaed on estimate of Wallace E. Pratt : "Petroleum on Continental Shelves" (Bull, A.A.P.G, .11, 1047, tiri7-67‘J). 

| Wallace H. Pratt. Oil in the earth. Lawrence: Unlv. of Kanane Press. 1041!. P. 44, 

| Based on gnii/oll ratio of 400 mVm*. or energy of gas » 0.4 energy of oil. 

II Carl Reiser : "Oil Shale HeBoun-ea nf Colorado, Utah nnrt Wyoming" ( A.IM.E. Tech. Fu&I. Nu. B358, Mrtv, 1043). 


The amount of natural gas may be estimated at 400 
cubic meters of gas for one of oil, or at an energy eon- 
tent of 40 percent that of oil. 

The oil shales of the world are leas well known. 
Those of the United States, especially the Green River 
shales, Are estimated to contain at least 55 x 10® cubic 
meters of oi). Assuming that the rest of the World has 


calories, of which 0.7 x 10 18 , or 1.5 percent, has al¬ 
ready been consumed. 

With this information we are prepared to consider 
what the future consumption of fossil energy may be. 
In Fig. 6 is shown the production of fossil energy up 
to the present, and two possible projections into the 
future. One production curve rises to a high peak 
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and descends steeply ; the second rises more slowly to 
a lower maximum and descends gently. The area 
under each curve, however, is approximately the same 
—10 unit squares, each of which represents 5 x 10 1 * 
kilogram-calories. 



Kin. 11. Rate of consumption curves for founll fuels. 


If, as the coal mining engineers intimate, the amount 
of coal is much less than herein assumed, the area un¬ 
der the curve will be that much smaller and the ap¬ 
proach to exhaustion that much sooner. How soon 


fraction of current solar energy which changes bnt 
slowly with time, and is being continuously degraded 
into waste heat irrespective of whether it is utilized 
or not. 

A growth curve of the utilization of water power, 
therefore, should rise in a manner similar to those of 
the fossil fuels, but instead of then declining to zero, 
it should level off asymptotically to a maximum as aU 
available water power is brought into use. At least 
this is physically possible. 

In view of the eventual exhaustion of fossil fuels, 
it is of interest to know to what extent water power 
can be depended upon to replace them. In Table 2 
nre listed the installed water power capacities of the 
various continents for the year 1947 and estimates of 
their total potential capacities (10), the number of 
kilowatt-hours of energy that such capacity should 
produce per year, and finally, the energy, expressed in 
heat units, of the amount of fuel that would be re¬ 
quired to produce an equivalent amount of power. 

In these calculations the potential installed capacity 
is taken to be equal approximately to the power at 
mean rate of flow and 100 percent efficiency. The 
estimated output is based on a loud factor of 0.5, and 
the fuel equivalent of the power produced is based 
upon n thermodynamic efficiency of steam plants of 


TABLE 2 

Develops!) and Potential Water Power of the World, 1047 


Continent 

■ installed capacity* 

Total potential water power 

PolentlHl output per year) 

Onl. mill, flow* 

Meun flowt 

10 lJ kw-hris 

Energy of 
equivalent 

fuel| 

10“ kg-cai 


10° li-p 

10" kw 

10" h-p 

10" kw 

10" h-p 

10" kw 

Africa. 

0.308 

0.274 

274 

204 

H23 

012 

2.60 

11.6 

An hi . 

12.OSD 

8.98 

1131 

113 

453 

330 

1.40 

0.42 

Europe . 

34.0)17 

20.0 

08 

51 

204 

153 

0.072 

2.80 

North America . 

3D.840 

26,7 

84 

6U 

232 

ISO 

0.824 

S.R4 

Oceania . 

1.284 

0.955 

20 

15 

60 

45 

0.107 

0.80 

South America . 

2.802 

1.7B 

07 

Bft 

201 

ISO 

0.058 

2.83 

Total . 

80.000 

64.8 

604 

490 

1092 

1488 

0.53 

28.13 


* IJ. 8. Geological Survey, “Developed and Potential Water Power nf the World" (1948* 

. _ . . mean How _ 

t Computed on basis : average m j p flow * B. 

t Based on load factor of 0.0. 

I Computed on basis of efficiency of 20 percent for steam plants, nr 4300 kg-cal/kw-hr, 


the decline may set in, it is not possible to say. Never¬ 
theless the higher the peak of the production curve, 
the sooner and sharper will be the decline. 

Water Power 

The exploitation of water power, like that of coal, 
is of fairly ancient origin, but also like coal, until the 
last half-eentury its utilization has been small. Un¬ 
like fossil fuels, however, water power represents a 


20 percent—figures which characterize installations in 
(he United States at the present time. 

The present and potential water power for the world 
is summarized graphically in Fig. 7, The potential 
capacity is about 1,500 million kilowatts of which 
present installations amount to only 65 million, or 4.3 
percent. 

The energy content of the equivalent fuel which 
would be required to produce the potential water 
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power output is about 28 x 10 lB kilogram-calories per 
year, or one and a half times the present rate of con¬ 
sumption of energy from fossil fuels. 



Fiu. 7. World potential water power. 


Hence, with maximum utilization, it would be pos¬ 
sible with water power to supply to the earth an 
amount of energy comparable to that currently ob¬ 
tained from the use of fossil fuels. 

Time Perspective 

The present state of human affairs can best be ap¬ 
preciated in the light of a time perspective, minus 
and plus, of some tens of thousands of years from the 



Fiu. B. Tinman affairs In time perspective. 

present, as depicted in Fig. 8. On such a time scale 
the phenomena we have discussed are represented by 
abrupt, nearly vertical rises from zero or near zero to 
maximum values. The consumption of energy from 
fossil fuels is thus "seen to be but a "pip," rising 
sharply from zero to a maximum, and almost as 
sharply declining, and thus representing but a moment 
in the total of human history, 


The rate of consumption of energy from water 
power and solar radiation also rises almost vertically. 
It is physically capable of leveling off asymptotically 
to a maximum value as shown in Curve I and being 
held there more or less indefinitely. However, it is 
al9o possible that it may decline to some lower inter¬ 
mediate value as shown by Curve II, or to zero, as 
in Curve 1II, depending upon the state of human cul¬ 
ture during the next few thousand years. 

Likewise the consumption of energy per capita, 
after having risen very gradually from 2,000 to pos¬ 
sibly 10,000 kilogram-calories per day, is seen to in¬ 
crease suddenly to a maximum value of several times 
the highest previous value. Again it is physically pos¬ 
sible to maintain a high value, as indicated by Curve I, 
on a stable basis for an indefinite period of time from 
current energy sources, particularly direct and indirect 
solar radiation. It also is possible, however, that 
through cultural degeneration this curve may decline, 
as in Curve II, to the subsistence level of our agrarian 
ancestors. 

Viewed on such a time Hcale, the curve of human 
population would be flat and only slightly above zero 
for all preceding human history, and then it too would 
be seen to rise abruptly and almost vertically to a 
maximum value of several billion. Thereafter, de¬ 
pending largely upon what energy supplies are avail¬ 
able, it might stabilize at a maximum value, as in 
Curve I, or more probably to a lower and more nearly 
optimum value, as in Curve II. However, should 
cultural degeneration occur so that the available en¬ 
ergy resources should not be utilized, the human pop¬ 
ulation would undoubtedly be reduced to a number ap¬ 
propriate to an agrarian existence, as in Curve III. 

These sharp breaks in all the foregoing curves can 
be ascribed quite definitely, directly or indirectly, to 
the tapping of the large supplies of energy stored up 
in the fossil fuels. The release of this energy is a 
unidirectional and irreversible process. It can only 
happen once, and the historical events associated with 
this release are necessarily without precedent, and are 
intrinsically incapable of repetition. 

It is clear, therefore, that our present position on 
the nearly vertical front slopes of these curves is a pre¬ 
carious one, and that the events which we are witness¬ 
ing and experiencing, far from being "normal," are 
among the most abnormal and anomalous in the his¬ 
tory of the world. Yet we cannot turn back; neither 
can we consolidate our gains and remain where we are. 
In fact, we have no choice but to proceed into a future 
which we may be assured will differ markedly from 
anything we have experienced thus far. 

Among the inevitable characteristics of this future 
will be the progressive exhaustion of the mineral fuels, 
and the accompanying transfer of the material ele- 
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meets of the earth from naturally occurring deposits 
of high concentration to states of low concentration 
dissemination. Yet despite this, it will still he phys¬ 
ically possible to stabilize the human population at 
some reasonable figure, and by means of the energy 
from sumshine alone to utilize low-grade concentra¬ 
tions of materials and still maintain a high-energy in¬ 
dustrial civilization indefinitely. 

Whether this possibility shall be realized, or whether 
we shall continue as at present until a succession of 
crises develop—overpopulation, exhaustion of re¬ 
sources and eventual decline—depends largely upon 


whether a serious cultural lag can be overcome, In 
view of the rapidity with which the transition to our 
present state has occurred it is not surprising that 
such a cultural lag should exist, and that we should 
continue to react to the fundamentally simple physical, 
chemical, and biological needs of our social complex 
with the sacred-cow behavior patterns of our agrarian 
and prescientiflc past. However, it is upon our abil¬ 
ity to eliminate Lhis lag and to evolve a culture more 
nearly in conformity with the limitations imposed 
upon us by the basic properties of matter and energy 
that the future of our civilization largely depends. 
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Analysis of Microcomposition of Biological Tissue 
by Means of Induced Radioactivity 

Cornelius A. Tobias and Rayburn W. Dunn 1 

Division of Medical Physics, Radiation Laboratory, and 
Department of Physics , University of California, Berkeley 


R adioactive isotopes have fre¬ 
quently been used for the determination 
of renction rates and distribution of chemical 
elements and compounds in the animal body; for ex¬ 
ample, the measurement of the total body water or the 
sodium 'space (6, 7 } 0). Some of the radionuclides, 
however, cannot be used for determining the con¬ 
centrations of their stable isotopes in tissue because 
the distribution of the administered radioactive tracer 
sample will not equilibrnte, owing to absorption and 
excretion. On the other hand, the radioactive isotopes 
can be used to indicate the rnte of turnover of sub¬ 
stances in biochemical reactions. There are many im¬ 
portant problems concerning "trace elements" 2 (e.g. 

1 The Huthore acknowledge with pleasure the Interest and 
collaboration of Professor John H. Lawrence, the assistance 
of CoiiNtnnce Tregllluu and Robert Oswalt, and h useful dis¬ 
cussion with Professor E. M. McMillan. This work was car¬ 
ried out under the auspices of the Atomic Energy Commission. 

1 “Trace” elements are stable chemical elements, the pres¬ 
ence of which, In small quantities, Is essential for the lives of 
Plants and animals. “Tracers” are radioactive or stable Iso¬ 
topes of elements which are suitable for study of the biochemi¬ 
cal and physiological role of these elements or their com¬ 
pounds. 


nee 11) which involve knowledge of Lheir distribution. 
The microchemicnl and spectroscopic methods of 
analysis which are now in use arc not quantitative for 
most elements below 30~° g/Hnmple. It would be 
desirable to have methods of analysis which are ac¬ 
curate to well below this quantity. It Beems certain 
that by using more highly sensitive methods of analy¬ 
sis much new information could be obtained concern¬ 
ing the biochemistry of trace elements in normal or 
diseased animals and plants. 

Seaborg and Livingood (10) in 1938 solved n some¬ 
what similar problem in their attempt to analyze for 
traces of gallium in iron. They exposed the gallium- 
contaminated, sample to deutcrons and determined the 
amount of gallium impurity by measuring the induced 
radioactivity. The use of this technique for biolog¬ 
ical studies was reported by us in 1947 (12) and later 
the same year by Braes and Robertson ( 2 ), who had 
used the technique independently Clark and Over¬ 
man (3) named the procedure "activation analysis.” 
It may be used for biological research in more than 
one way. To learn the amount or concentration of 
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various trace elements, one mny take a sample of the 
tissue or tissue extract and, after proper processing, 
expose this sample to a source of nuclear particles, 
e.g. in a pile or cyclotron. Several of the elements 
present in this sample may become radioactive, and, 
after a known exposure, the amount of each newly 
formed radioactive isotope mny be measured by stand¬ 
ard radiochemical techniques. If a radioactive iso¬ 
tope A is formed from trace element B, the mass of 
the element B originally present in the sample may be 
calculated from the formula: 

d A ■ e K ' T 

S = 0.02 10- :l n — ]P(1 - e *”■"<) 

where: x = unknown mass; A = atomic weight; F = 
particle flux; X = decay constant of induced rndio- 


The above formula will hold true if the neutron flux 
remains constant throughout irradiation time, if the 
total amount of substance in the sample is not large 
enough to depress appreciably the neutron flux, and 
if the irradiation is not intense enough to significantly 
decrease the amount of isotope B to form isotope A. 
One does not always have to determine the absolute 
neutron flux in such n case. It is more convenient to 
measure the radioactivity induced after simultaneous 
irradiation of a known mass of element B. If neu¬ 
trons arc used ns the activating agent, there are some 
50 elements of biological importance which have large 
enough cross sections to make this technique an ex¬ 
tremely sensitive one. Some of these elements are 
listed in Table 1- 

Activation analysis may be also used for the study 


TABLE 1 

Estimated Detection Limit of Activation Analysis foh a Few Elements, Using Thrum al Neutron 
Capture Reaction* 


Symbol 

of 

element 

Atomic 

No. 

(Z) 

Atomic 

\vt 

(A) 

Natural 

atom 

cross 

section 
(a x 10“ 

In cm 1 ) 

Half 
life of 
Induced 
activity 
(T) 

Length of 
exposure 
(t) 

Time 

elapsed 

after 

exposure 

(x) 

Amt 

giving 

10 sec 1 
disintegra¬ 
tions 
<gm) 

Nu 

11 

23 

0.03 

14.B hr 

5 T 

T 

2.4 x 10" 

I 1 

15 

31 

0.23 

14.3 d 

5 T 

M, T 

6.4 x 10" 

K 

19 

41 

0.007 

12.4 hr 

1 T 

5 T 

4 x 10" 

Ch 

20 

44 

0.013 

1B0 cl 

0.02 T 

T 

2.2 x 10" 

Sc 

21 

45 

22.0 

05 d 

0.2 T 

2 T 

10-in 

Or 

24 

50 

0.5 

26.5 d 

0.4 T 

3 T 

5 x 10" 

Mn 

25 

05 

10.7 

2.50 hr 

1 T 

5 T 

1.6 x 10" 

Fc 

26 

SB 

0.00 1 

47 il 

0.2 T 

0 T 

2.5 x 10" 

Cu 

20 

63 

2.0 

12.B hr 

1 T 

5 T 

2.1 x 10" 

Zn 

30 

64 

0.26 

250 d 

Vf; T 

% T 

4 X 10-' 

Ah 

33 

75 

4.2 

26.B hr 

1 T 

5 T 

1.2 x 10" 

Br 

35 

HI 

1.11 

34 hr 

1 T 

5 T 

4.8 x 10" 

Mo 

42 

DB 

O.l 

67 hr 

1 T 

6 T 

0.5 x 10" 

Rh 

45 

103 

137 

44 Rec 

1 T 

5 T 

0.4 x lO-m. 

Ag 

47 

100 

1.1 

225 d 

0.05 T 

0.3 T 

1.6x10" 

In 

40 

113 

2.52 

48 d 

0.5 T 

2 T 

2.8 x 10-' 

Sb 

01 

121 

3.8 

2.8 a 

1 T 

5 T 

2.4 x 10". 

Te 

52 

120 

0.15 

9.3 hr 

1 T 

5 T 

5.5 x 10" 

I 

53 

127 

6.25 

25 mlu 

1 T 

5 T 

1.8 x 10" 

Ch 

50 

133 

25.6 

1.7 yr 

0.002 T 

0.1 T 

2 x 10" 

Dr 

56 

138 

0.367 

80 min 

1 T 

5 T 

2.5 x 10" 

r>y 

66 

164 

720 

140 in In 

l T 

5 T 

0.15 x 10- ,D 

r j i 

78 

106 

1.20 

3.3 d 

2 T 

5 T 

2.2 x 10" 

Au 

70 

197 

06.4 

2.7 d 

2 T 

DT 

2.7 x 10-" 

Hg 

80 

202 

0.725 

51,5 cl 

0.2 T 

T 

2.0 x 10" 


* Assumed neutron flux, tluil of the Clinton pile (S), F^SxlO 11 cm" sec -1 ; RgRumed disintegration rate necessary for 
ldentlflcntlon Hnd measurement of each radioisotope, C -10 weir 1 . 


activity; a = cross section of B to form A; t = length 
of time of exposure to neutrons; t = length of time 
elapsed between neutron exposure and time of mea¬ 
surement of rate of disintegration of the chemically 
separated sample A; and d = rate of disintegration of 
sample A measured at time x. 

The most convenient radiations to use are thermal 
neutrons produced by one of the chain-reacting piles. 


q£ distribution and metabolism of elements introduced 
into an organism in a manner somewhat analogous to 
radioactive tracer technique. Thus, for example, an 
element may be introduced into the circulation of an 
animal, and its distribution, excretion, etc. may be 
observed at some later time. Experiments of this 
kind may not be legitimately called tracer experi¬ 
ments because the amount of the element added to 
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the organism must always be larger or of the same these is the flux of particles. Using the published 
order of magnitude ns the amount already present, value for the flux density of the Clinton pile (fl), the 
The metabolism of the' element, therefore, may be sensitivity of the method can be calculated for some 
altered daring the process. Nevertheless, valuable elements to be as much us 1,000 times greater thin 
data unty be obtained regarding distribution and that by any other known method. Other advantages 
metabolism of minute quantities of certain elements. are that one can determine the amounts of several ele- 
In some instances, the use of radioactive isotopes for ments present in the same sample simultaneously and, 
such purposes requires that the radiation dose deliv- finally, that the method has a high specificity for cer- 
ered to the tissues during the experiment be small to tain elements. One should emphnsize that the method 
avoid disturbing biological functions. If certain tis- is quantitative and that it will not require special 
sues concentrate or selectively absorb the isotope, it is techniques for individual elements except those of 
sometimes hard to avoid high dosage of such tissues, radio-chemistry. 

To be able to measure the concentration of the isotope In order to test the practicability of the ideas out- 
in other parts of the body, one must administer a large lined above, some experiments were done using ele- 
dose. In addition, some of the radioactive isotopes ments whose chemistry is easy and well known. Since 



0«S AFTER BOMBMOftENT 

FiU. 1. Representative (Jecfty curves of bombarded tissue nih samples (mouse). 


have too short half lives to permit their prolonged gold has an unusually large cross section for neutrons 
observation in animals; one would have to give a largo and sinoe it is being used in this laboratory in con- 
doae of such a tracer in order to allow for its decay nection with the study of rheumatoid arthritis (i), 
during the experiment. On the other hand, activation it appeared to be worth while to Btart with this ele- 
analysis does not have these limitations in measuring ment. The technique of its separation, deposition, 
distribution of elements. - and counting has been described by one of us (5), 

One of the most attractive features of the method One normal female mouse, age six months, was in- 
described in this paper is its extreme sensitivity, jected in the tail vein with 10 of stable Au in the 
Formula 1 indicates the factors influencing this sensi- form of the soluble sodium gold thiosulfate salt, 
tivity, and one may say that the most important of Upon autopsy nnd dissection a group of 19 repre- 
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sentative tisane samples was selected. Each sample 
was wet ashed, then Eradicated by slow neutrons in 
a pile. 8 After irradiation and a suitable cooling 
period, the ash was dissolved in aqua regia. A small 
portion was used to prepare samples for counting. 
Typicnl decay curves from the counting of the latter 
are to be found in Fig. 1. Since counting begun about 
one week after irradiation, sonic of the important short¬ 
lived isotopes are not present in these curves (Nn 24 , 
K 4Z , etc.) The effective half life of several of the 
tissue ash samples was found to be between 14 and 15 

TABLE 2 

Relative Radioactivity of Irradiate!) Ash One Week 

FQT.LOWINU EXTUHURK TO THERMAL, NEUTRONS 


Tissue 

Wet wt 
(n\R) 

EhII- 

muted 

ash wt 
(mg) 

Relative 
activity*/ 
mg of 
ash wt 

Bone. 

20. S 

7.9 

1,000 

Pancreas . 

179.0 

3.9 

1,500 

Sidneys . 

,'105.0 

3.9 

1,720 

Thymus . 

01.8 

0.8 

1,000 

Spleen . 

141.4 

2.7 

1,110 

Liver .. 

1,458.8 

57.0 

500 

lira In ... 

480.1 

fl.8 

1,220 

Heart . 

107.2 

1.1 

1,780 

f'Unu . 

175.2 

2.1 

1,500 

Ovaries . .. 

21.8 

0.3 

1,110 

Adrenals .. 

11.0 

0.2 

830 

Lymph nodes . 

ao.a 

0.2 

1,000 

Muscle . 

70,4 

0.9 

1,060 

Rerl cells . 

0.15 (ml) 

a.o 

195 

Gall hladder . 

14.0 

0.1 

830 

Sltln . 

101.0 

5.1 

145 

Tendon . 

5.4 

0.4 

78 

Gut . 

3,832.7 

04.0 

244 

Plasma. 

0.15 (ml) 

3.0 

11.1 

Control sample tube 




(empty) . 

very small 

very small 



• Mono of measurements, on two samples. 


days, which would indicate that the principal activity 
is due to P a *. By using the value of the counting 
rates obtained on the fourth day after removal from 
the pile, the relative activities of several of the sam¬ 
ples were determined. These data, for the tissues of 
the mouse, are shown in Table 2, where the samples 
are listed according to decreasing radioactivity per mg 
of wet tissue. Also listed are the activities per mg 
of estimated dry ash. The radioactivity per unit wet 
weight is roughly proportional to the phosphorus con¬ 
tent of each organ, while the relative activity per mg 
dry ash weight is almost constant for most organs, 
indicating that the ash has an approximately constant 
percentage of phosphorus. At the end of 90 days the 
radioactivity of phosphorus decreased sufficiently to 
make some of the longer-lived components appear, 

8 Curtis and Tereal have previously demonstrated various 
radioactivities Induced In tissues by neutrons U), 


Another portion of the solution was used to make 
radiochemical separations of various elements, in 
order to study the distribution of these elements and 
the administered gold. The first part of this work, 
namely, the study of the distribution of gold, is now 
complete. The activated gold was separated from 
each sample by precipitating it, with carrier, as the 
metal. The activities were determined after electro¬ 
plating on platinum planchcU. The half life of each 
Sample was calculated. The values obtained showed 



Flo. 2. Representative decay curves of Au IBB recovered 
from tissue Bam plea which were wet ashed and then bom¬ 
barded by neutrons. 


that excellent separation of the Au lfle activity had 
been obtained. Typical decay curves are shown in 
Fig. 2. Table 3 gives the results of the distribution 
of radioactive gold. To some extent, these parallel 
the data obtained with mice injected with Au m . 
Twenty-three per cent of the gold injected was re¬ 
covered, which indicates that the rest of it wbb ex¬ 
creted in the one-month period, In the determina¬ 
tion of the gold distribution n monitoring sample was 
used. This was prepared by simultaneously irradi¬ 
ating 10 pig of pure gold, as the chloride, with the 
same flux of neutrons as was received by the samples 
of mouse tissue. The activity of this gold sample 
wns also used to calculate the neutron flux of the pile, 
since the cross section of Au 197 for neutron capture 
is known. 

In another experiment 20 ml of blood from a 
leukemic patient was fractionated into plasma, white 
cells, and red cells. These three ashed samples were 
also irradiated in the pile. The activity of the blood 
fractions, shown in Table 4, indicates that the relative 
radioactivity induced in the white cells per mg of dry 
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ash weight is about 10 times as high as that induced 
in red cells, or 50 times as high as the radioactivity 
induced in the plasma. Our attention is now focused 
on isolating the several isotopes which are responsible 
for the white cell radioactivity. The powerful possi- 


blood of a leukemic patient. The computations give 
14 pg of gold for the total white cell volume of the 
body. To determine this Bmall amount, one need use 
only about 10 cc of blood. 

TABLE 4 


TABLE B 

Distribution of Gold in a Mouse* 


Relative Radioactivity or Irradiated Blood Ash 
From a Patient Witii Lymphoid Leukemia 
(One week after exposure to neutrons) 


Mass of 
organ 
(pm) 


Amt of 

A u^/gra 
of wet 
tissue 
(gm) 


Total 
amt of 
Au^/orgnn 
(Ifm) 


Moullur gold sample 


Liver . 1-458 

Ovary . 0.022 

Thymus . 0.002 

Adrenals ........ 0.012 

I.ung . 0.175 

Lymph nodes . 0.031 

Spleen . 0.141 

Kidney .. 0,300 

Heart. 0,107 

Hone . 2.000 

Pancreas . 0.015 

Hkln . 3.100 

Gall bladder . 0.015 

Tendon 0.050 

Muscle . 11-20 

Red & white cells - 1.05 

Brain . 0.502 

Gut -- 3.0 

Plasma . 1.0 

Total . 25.446 


10 x 10 * 


4.4 

X 10 7 

040 x 10-“ 

4-3 

x JO- 1 2 * 4 * 6 7 

9.5 x 10 “ 

3.2 

x 10- 7 

io x in-* 

31 

X 10- 7 

3.0 x 10-“ 

2.0 

x 10- 7 

40 x]0 “ 

2.2 

x 10- 7 

fl.Bx 10~“ 

1.7 

X 10- 7 

24 x 1Q-* 

1.0 

x 10 7 

40 x 10-° 

1.5 

x 10- 1 

10 x 10“ 

1.1 

X 10- 7 

200 x 10-“ 

1.1 

X 10- 7 

1.0 x 10 “ 

1.0 

X 10 7 

310 xlO" 

1.0 

x 10 7 

1.6 x 10-“ 

0.7 

x 10- 7 

3.5 x 10 ■ 

0.05 x 10 -t 

730 x 10-“ 

0.05 x 10 7 

09 x 10-“ 

0.2 

x 10- 7 

10 x 10-“ 

0.09 x 10- 1 

32 *10~“ 

0.05 x JO 7 

5 x 10-“ 



2270.5 x 10" 


gm or — 23% 
of total 
Injected 


Tissue 

Estimated 
ash wt 
used In 

determination 

(nag) 

Relal Ive 
activity* 
mg of 
ash wt 

Red cells . 

114 

1 

White cellHt . 

8 

J1 

Plasma 

280 

0.2 

• Mean of measurements on two samples, 
t The white cells were prepared by centrifuging wllh beef 


albumin. 


These con si derations and experimental data indicate 
that micronnnlysis of tissue constituents by induced 
radioactivity may become a useful technique for the 
determination of ultramicro amounts of a number of 

TABLE 5 

Distribution of Gold in Human Blood From a 
Leukemic Patient 


Estimated 
wet mass 
in body 
(gm) 


Gm of 
AiP'Vgm 
of wet 

mass 


Total 
Au 1B7 in 
circulation 
of person 
(gm) 


* 10 Rg of stable gold administered intravenously to r 
mouse In the form of gold sodium thloflulTate. 

Mouse sacrificed 80 days after administration, tissues wet 
ashed and irradiated in the Hanford pile. 

Subsequently the gold was removed by radiochemical meth¬ 
ods, and its half life and beta-ray energy verified and counted 
in duplicate samples. 

bilities which this technique offers are clearly illus¬ 
trated in Table 6, which lists the Au found in the 


White cells. 130 11 x 10-* 14.3x10-* 

Red cells . 2,000 0.4 X 10-* 10.5x10-* 

Plasma . 2,600 0.07x10-* 18.5x10-* 


elements. It is expected that the technique will play 
an important role not only in tracer biochemistry but 
in plant nutrition, pharmacology, and toxicology as 
well. 
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TECHNICAL PAPERS 


Creation of a "o" Meson by a Highly Ionizing 
Nucleus in the Cosmic Radiations 1 

J. J. Lord find Marcel Sciieia 

Department of Pbysic§ i Univer§ity of Chicago 

A 100-^-thick boron-loaded Ilford C2 plate wnB exposed 
to the cosmic radiation through the use of free balloons 
which remained at altitudes corresponding to pressures 
between 4 and 6 cm of Hg for 11 hrs. 


sion and into the glass backing at (b). At a point on 
this column 26 ^ from the upper surface, a H <j" meson 
originates and travels 158 p, where it stops and iB cap¬ 
tured, producing a nuclear disintegration in which the 
visibly ionising particles (e), (d), and (o) arc emitted. 
Fig. 2 is a drawing in which the tracks in this event have 
been projected on the plane defined by the tangent to 
the meson track at the point of creation and the silver 
column from (a) to (b). The grain densities of sections 
(a) and (b) are considerably groatcr than those corre¬ 
sponding to protons or alpha particles capable of cre- 



V 


100 microns 

Fto. 1. 


The mosaic of microphotographs in Fig. 1 shows an 
example of an unusual case of the production of a i{ a f> 
meson in the emulsion of this plate. The elementary act 
In which this meson was produced differs from those 
found by Powell and his collaborators (£), 

A column of silver grains passes steeply (04°) from 
the top of the emulsion (a) completely through the emul- 

1 Assisted by the joint program of the Office pf Naval Re¬ 
search and the Atomic Energy Commission. 


a ting a meson of mass energy which is known from 
measurements with the synchrocyclotron in Berkeley, 
California, to bo 143 mev. Section (b) of the column ap¬ 
pears to be slightly more dense than (a). This small 
difference, however, may be due to a loss in resolving 
power of the microscopic system when viewing grains at 
greater depths beneath the surface of the emulsion. An 
upper limit to the difference in the grain densities above 
and below the point at which the meson is created is cer¬ 
tainly less than 10%. The measured deviation of the 
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column from (a) to (b) is lens than l e , which is about 
the deviation expected for a straight track of 110 p due 
to emulsion distortions in the central regions of a plate. 

It seems impossible that thiB meson is produced in a 
nuclear disintegration of the ordinary type in which the 
only other visible tracks, (a) and (b), of nearly the 
same grain densities travel in opposite directions along 
a straight line. This strongly suggests that the track 
from (a) to (b) is due to a single particle passing 
through the emulsion which interacts with one of the 



Fio, 2. 


nuclei in this emulsion to create a meson. This is further 
augmented by the existence in this emulsion of several 
other heavy nuclei tracks of the same character as re¬ 
ported previously (1). This was shown by tracing the 
passage of 8 of these particles down through a 0.325-cm^ 
thick lead plate and into a similar photographic emulsion. 
Two of these were followed on through an additional 3.9 
cm of lead into another photographic emulsion. 

The track from (a) to (b) in Fig, 1 could not be 
traced through tho 0.325-cm lead plate, and this places 
an upper limit on the range of the particle producing the 
meson. This, coupled with the small change of less than 
10% in the ionization after the creation of the meson, 
shows that the particle had a maximum oneTgy of several 
bev at the point where the meson was created and a nu¬ 
clear charge between 7 and 20 unit electronic charges. 

The absence of a large nuclear disintegration demon¬ 
strates that the meson was created in a pure nucleon- 
nucleon interaction. This seems to indicate that nuclei 
can be greatly transparent to the bombardment of 
stripped nuclei of energies capable of producing a meson. 
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Analysis of Insect Food Habits by 
Crop Examination 

Frederick B. Iuly 1 end Gordon Alexander 

Department of Biology, Trinity University , 

See Antonio , Texas, and 
Department of Biology , 

University of Colorado, Boulder 

It has been common practice for many yeaTB to deter¬ 
mine the food habits of birds and mammals by examina¬ 
tion of crop or stomach contents, but there appears to 
have been no effort to apply the same technique system¬ 
atically to the study of the food habitB of insects. Re¬ 
cent studies, however, demonstrate clearly both the feasi¬ 
bility of the technique and its value in determining food 
habits under natural conditions. 

The technique is probably applicable to all insects with 
chewing mouth parts, but in the studies here reported has 
been limited to various types of Orthoptera. In the 
Orthoptera, even those with graminivorous- rather than 
carnivorous-type mandibles (£), the food is not so finely 
divided when it reaches the crop but that much can be 
learned of its character from examining the fragments. 
Whether leaf fragments are from forbs or narrow-leafed 
plants can readily bo determined by the character of the 
epidermal cells of the plant fragments found in the 
crop. Even those grasshoppers that food exclusively on 
grasses and have graminivorous mandibles swallow rela¬ 
tively large bits of grnsB. Some plant fragments may 
be quite accurately identified—pollen grains, for example. 
Frngments of insects permit various degrees of identifica¬ 
tion: scales of Lepidoptera may be intact j wing frag¬ 
ments of smaller insects may show characteristic patterns 
of venation; or mouth parts and leg parts may be dis¬ 
tinguishable. In other words, the natural diet of an in¬ 
sect species may be determined, at least qualitatively, 
from tlic examination of collected specimens. This means 
that one need not have recourse to laborious methods of 
experimental testing, at least for preliminary studies of 
food selection, and in Borne cases this technique may 
prove entirely adequate for both quantitative and quali¬ 
tative determinations of food habits. Since field ob¬ 
servation has not proved a successful means of judging 
food choice and since such observation has led to many 
errors, It appears probable that the method of crop analy¬ 
sis may prove a valuable guido to food habits of many 
species. It has already yielded significant results for 
certain orthopterous. 

The feasibility of this technique is due to the fact that 
the food oaten by an orthopteran accumulates in the thln- 
walled expansible crop, where it undergoes little digestion 
before passing into the next" division of the digestive 
tract. The esophagus in the Orthoptera merges directly 
into the crop;-which may or may not be rather definitely 

1 Prof, Isely died December 30, 1047. This report was 
prepared by the Junior author from his notes and supple¬ 
mentary observations, 
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separated by a constrict ion from the next section, the 
proventriculus. In the Gryllidae and Tettigoniidae (e.g., 
Conocephalus, see Fig. 1) the constriction is quite evi- 



Fio. 1. Head and digestive tract of Oonooephalua faaoia- 
tua, approximately 3 times natural size. Tbe crop (cr) Is 
distended as It Is when Ailed. When tbe tract Is pulled out 
with the head, It usually breaks at the Indentation lust 
posterior 1o the proventriculus (pv). 

dent; in the Acridiidae it is less noticeable. In either 
case, however, food accumulates in the crop in a state of 
incomplete mastication. Examination of the crop con¬ 
tents may be most simply carried out by pulling off the 
head of the freshly killed insect. The digestive tract, at 
least the anterior part, will remain attached to the head. 
Iu crickets, katydids, and meadow grasshoppers the tract 
usually breaks at the constriction forming the posterior 
boundary of the proventriculus. In the short-horned 
grasshoppers practically the entire tract may be pulled 
out with the head. In either case, the crop may be 
opened at the anterior ur posterior end and its contents 
pushed out. Teased apart in a drop of water on a 
microscope slide, the contents are ready for examination. 
The crop contents of specimens collected years before can 
bo examined successfully if a little more care is observed. 
The contents of the crop, cither from fresh or dried ma¬ 
terial, if placed under a sealed cover glass in 40 parts of 
10% formalin and 60 parts of glycerine, can be Btudied 
at leisure. 

The value of crop analysis is well illustrated by the 
fact that studies recently carried out on several species 
of meadow grasshoppers (Conocephalinae) show conclu¬ 
sively that insects constitute a part of their normal diet. 
Certain other members of the Tettigoniidae, particularly 
decticids, are known to be carnivorous (J). The carniv¬ 
orous habits of the meadow grasshoppers, on the other 
hand, while known, have been considered aberrant modi¬ 
fications of the normal feeding behavior (X ). These first 
studies, which are to be reported in extended form else¬ 
where, show further that the vegetative parts of plants 
are rarely, if at all, eaten by these Conocephalinae, These 
insects subsist on flowers,, pollen, and seeds of grasses, 
in addition to insects, normally deriving little if any food 
from the leaves of either the grasses or the broad-leafed 
plants among which they live. Inasmuch as it has been 
assumed, largely on the basis of analogy, that meadow 
grasshoppers exert significant pressure on meadow vege¬ 
tation (4), the method of crop analysis has in this case 
demonstrated that tbe biotic role of this group of in¬ 
sects is quite different from that which has been assumed 


for it for many years. These species, which we have 
believed harmful, may, on the basis of these studies, be 
considered beneficial, or at least neutral, in their ecologi¬ 
cal role. An expansion of this technique to the study of 
the food habits of other species may yield equally In¬ 
teresting and significant results. 
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Evidence That Two Different Plant Viruses 
Can Multiply Simultaneously 
in the Same Cell 1 

Frank P. McWhorter- end W. C, Price 

Oregon State College end Deportment of Biological Sciences, 
University of Pittsburgh 

It is well known that a plant may harbor two or more 
viruses at the same time. Indeed, infection of a plant 
with two nonrelated viruses, which alone cause only mild 
symptoms, sometimes results In a severe disease. Thus, 
mild tobacco mosaic and potato mottle viruses together 
produce a serious disease of tomato known as streak (7). 
It has been presumed, but not proved, that two such 
nonrelated viruses may occupy the same cell. Experi¬ 
ments reported here demonstrate the presence of inclu¬ 
sions of both tobacco mosaic and tobacco etch viruses in 
a large number of cells of doubly infected tobacco plants. 
Since these inclusions are closely associated with the re¬ 
spective viruses, their presence together indicates that the 
viruses increased simultaneously in the same cell. 

The type strain of tobacco mosaic virus, which we used, 
forms abundant hexagonal crystals in the cytoplasm of 
its host. The mild strain of tobacco etch virus likewise 
produces crystals, often plate-like, but easily differen¬ 
tiated from those of tobacco mosaic virus, being different 
in size, form, and location. They occur characteristically 
in the nuclei but can sometimes be seen in the cytoplasm. 
Such inclusions were first described for the severe strain 
of tobacco etch by Kaasanis (4). 

The crystalline inclusions are usable for identifying 
tobacco mosaic and tobacco etch viruses within cells. 
Each of these viruses forms, in the cytoplasm, amorphous 
bodios which McWhorter (6) has designated as viroplasta . 
The viroplasti vary in structure; those of tobacco mosaic 
cannot always be distinguished from those of tobacco 
otch. They are not, therefore, readily usable for Identi¬ 
fying tbe respective viruses within cells. 

1 Aided by a grant from the National Foundation for 
Infantile Paralysis. 

■ Senior Research Fellow, University of Pittsburgh, from 
January to May, 1B4B. 
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Niootiana tabaoum L. and N. sylvestris Spegaz. and 
Gomes were used as host plants for this study. They were 
inoculated with the two viruses either simultaneously or 
at intervals of one and four days. Controls consisted of 
plants inoculated with only one virus. The macroscopic 
symptoms of tobacco etch usually developed from one to 
three days before those of tobacco mosaic. Symptoms 
of both viruses were easily seen in doubly inoculated 
plants during onset and up to two or three weeks after 
inoculation. Later, symptoms were predominantly those 
of etch, doubly infected plants being distinguished from 
those infected with etch alone merely by a slight reduc¬ 
tion in size. 

Slides for microscopic examination were prepared by 
cutting thin slices of tissue, with trichomes attached, from 
the veins and edges of leaves, and mounting the tissue in 
0.86% NaCl. Cytological examinations were made on the 
11th and 40th days after inoculation. 

The size and location of loaves wherein complete ex¬ 
pression of cytological symptoms regularly occurred were 
determined for both viruses by examination of control 
plants. Corresponding leaves of doubly infected plants 
were then studied lo determine the distribution of the two 
viruses in individual cells. The first cytological exami¬ 
nation revealed the presence of crystalline inclusions of 
both viruses iu every observed integumentary cell of such 
leaves from simultaneously inoculated plants. This was 
not entirely true for corresponding leaves of plants in¬ 
oculated Amt with one virus and four days later with the 
Other. In such plants, cells of leaves near the point of 
inoculation showed inclusions dominantly or entirely of 
the primary virus only. Cells of leaves higher up the 
plant, however, nearly always showed inclusions of both 
the primary and the challenge virus. 

When the plants were reexamined 40 days after inocu¬ 
lation, again nearly every observed cell of appropriate 
leaves showed crystalline inclusions of both viruses. In 
many cases, leaves near the tops of the plants showed only 
tobacco etch inclusions while those lower down the plant 
showed both. This observation suggests that inclusions 
of etch develop sooner than those of mosaic in old plants 
and may help explain the dominance of etch symptoms. 

The hexagonal plntos of tobacco mosaic are known to 
be closely associated with tobacco mosaic virus. Like¬ 
wise, the intranuclear crystalline inclusions of tobacco 
etch are closely associated with tobacco etch virus. 
Since it is very unlikely that the materials composing 
these inclusions were formed in distant cells and trans¬ 
ferred in toto to the many cells where they were found 
occurring together, the evidence indicates not only that 
the two viruses were present in the same cells, but oIbo 
that they multiplied in the same cells. 

Experiments reported above gave no evidence of inter¬ 
ference between tobacco mosaic and tobacco etch viruses, 
such as that reported between the severe strain of tobacco 
etch virus and potato T virus (I). The interference phe¬ 
nomenon is well established for bacteriophages ( B ) and 
for certain viruses that cause disease in man and othor 
Animals (J, $). it has been demonstrated for plant vi- 
h**®* only in the case cited above. However, the litera¬ 
ture on interference occasionally confuses this phenom¬ 


enon with cross protection such as was observed by 
Kunkel (5) between tobacco and aucuba mosaic viruses. 
It seems worth while to point out here that cross protec¬ 
tion, in contrast with interference, consists of the protec¬ 
tion afforded a plant by virtue of a previous infection 
with a closely related virus strain. Nonrelated viruses 
do not ordinarily give such protection. 
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Catheterization of the Coronary Sinus, 

Right Heart, and Other Viscera With 
A Modified Venous Catheter 

Walter T. Goodale , 1 Martin Lnbin, 

William G. Banfield, Jr. p end Donald B. Hackel 

Medical Division, Army Chemical Center, 

Edgewood , Maryland 

A technique of coronary sinus catheterization ( 10 ) has 
made it possible to study coronary blood flow and myo¬ 
cardial metabolism In intact dogs (6, 7, 11) and has 
been recently applied to similar studies in man (£, fl). B 
More recently a modified venous catheter has been devised 
to meet several of the special problems encountered in this 
procedure. In extensive trials in man, with Bing and his 
associates (J), as well as in dogs, the modified catheter 
described in this report appeared to facilitate catheteri¬ 
zation of not only the coronary sinus, but also other 
regions in the heart and visceral veins. 

The venous catheter now most generally used was 
designed by Command and Ranges (rf), some years fol¬ 
lowing Forssman ’a original description of right auricular 
catheterization In man ( 8 ). It is 100 cm long, of the 
ureteral type, with a woven shellacked nylon core covered 
with a heavy X-ray-opaque plastic coating and with a 

1 Present address : Peter Bent Brigham Hospital, Boston IB, 
Massachusetts* 

1 The application of this technique, together with the 
nitrous oxide blood-flow method of Kety and Schmidt (10), 
to the measurement of coronary blood flow In man* has been 
n joint project undertaken by Bing and bis co-workers at 
Johns Hopkins University Medical School, In cooperation with 
the authors and with Eckenhoff and his associates at the 
University of Pennsylvania Medical School (0). To all of 
these, the authors are deeply grateful for their collaboration 
And Interest, and to Normal C. Jeckel and Edward W. Grant, 
of the TJ. 8. Catheter and Instrument Corporation, for their 
help and advice. 
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carved tip terminating in a single straight opening or 
"ey^," (A catheter 125 cm in length is usually neces¬ 
sary for Dexter's technique of sampling blood from the 
pulmonary capillary bed 5.) 

Using this standard catheteT, it has often been difficult 
to obtain blood samples from the coronary sinus and 
cardiac veins. Probably a vessel wall or valve leaflet has 
occluded the single terminal eye as suction has been np- 
plied with the sampling syringe, even though fluid could 
always be freely injected through the catheter. This 
difficulty was sometimes encountered in drawing blood 
from other regions, such as the hepatic or rennl veins or 
the right ventricle, and was greater with smaller catheters 
(No. 6 to No. 8F). However, for avoiding coronary 
venous obstruction and possible intimal damage (11), 
these smaller catheters have been desirable. Pressure 
recordings have also been damped sometimes, apparently 
by the single terminal eye impinging upon a closely con¬ 
fining vessel wall or even upon the endocardial surface. 


IOfT : 

Tip i ST*? SHAFT, NYLON CORC NCMTONCCD 



Pig, ]. Bird’s-eye catheter (tapered), 


The standard venous catheter of Coumand has, there¬ 
fore, been modified by the addition of two small side eyes, 
or what we have termed * 'bird 's-eyes,' ’ with shallow 
grooves in the outer surface of the catheter leading for¬ 
ward from the side Byes to the usual terminal eye (Fig. 
I). 8 These features have prevented effective suction from 
being applied to a vessel wall, endocardium, or coronary- 
sinus valve leaflet during sampling, and no difficulties in 
withdrawing blood samples from any visceral vein have 
been encountered. Reasonable pressure recordings have 
been obtained which, if anything, have been loss damped 
than those previously obtained in the right auricle and 
coronary venous system with the standard catheter. Any 
possible local trauma or cardiac arrhythmia arising from 
suction of intimu or endocardium against the usual tip 
should also be minimized by the multiple eyes which break 
any suction against the modified catheter tip. 

The "bird ’s-eyes ' 9 have been placed only 2 mm behind 
the tip, allowing accurate localization of blood samples 
and pressure recordings. The whole tip, including the 
grooves, has been given several extra coats of plastic 
finish to ensure A smooth atraumatic surface. 

As a further modification, a tapered tip, also illus¬ 
trated in Fig. 1, has proved valuable in catheterizing 
the hepatic and renal veins, as well as the coronary venous 
system of dogs and man (5). A No. 9F shaft with a 

■Available from the U. S, Catheter and Instrument Cor¬ 
poration, 334 Day Street, Glens Falls, New Fork. 


gradual taper to a No. 7iF from a point 5 cm to 2 cm 
from the tip, or a No. 8F tapered to a No. fl$F tip, was 
found to be most advantageous. The nylon core has been 
doubly woven to a point 3 cm from the tip. This tapered 
catheter has combined the advantages of a relatively 
large, stiff, nonbuckling, easily manipulated, and easily 
visualized catheter shaft with a smaller, more flexible, less 
traumatic, and nonobstructing tip. This modification has 
facilitated controlled gentle insertion of the catheter into 
the coronary sinus. As an alternative, however, a No. 7 
or No. 8F modified "bird's-eye" catheter without a taper 
has been used in man, often with a stylet inserted to 
within 3-4 cm of the tip to lend sufficient stiffness to the 
catheter shaft for controlled insertion (J), The stylet 
has then been removed as soon as the catheter had been 
successfully inserted into the coronary sinus. 

The tapered catheter has a uniform No. 7 or No. 0F 
bore throughout its entire length, providing a minimal 
dead-space volume. Occurring at a known distance from 
the tip, the taper provided a landmark under fluoroscopy 
for direct estimation of the depth of insertion of the 
catheter into the coronary venous system. 

Earlier workers were discouraged from using a catheter 
with side eyes or multiple eyes by the tendency for blood 
clots to form and obstruct the catheter lumen. With the 
present modified catheter this has been avoided by keep¬ 
ing the catheter thoroughly washed out with saline be¬ 
tween samplings. A continuous saline infusion had to be 
maintained in addition to an injection of 5-10 cc of 
saline after each observation or sample. Tile grooves in 
the outer surface of the modified catheter tip prevented 
complete obstruction of either side eye by a vessel wall, 
so that the Baline infusion constantly washed all 3 open¬ 
ings free of blood which might otherwise stagnate and 
clot. It was not necessary to add heparin to the con¬ 
tinuous infusion, although several investigators add 20 
mg/liter as an extra precaution against clotting. Others 
prefer to fill only the dead space of tho catheter with 
the proper amount of heparin just before drawing each 
blood sample, so that the patient himself will receive no 
heparin. Traces of this heparin then appear to cling to 
the sides of the catheter lumen during the ensuing wash¬ 
out and sampling in sufficient quantity to prevent clotting 
until fresh saline infusion con be re-established. Tiny 
platelet thrombi were sometimes found in the side eyes 
after long procedures in man, but usually did not inter¬ 
fere with sampling. 

In dogs, which have a more active clotting mechanism 
than man (I), an additional routine for preventing clot¬ 
ting in the catheter was often necessary (II). This 
might also be of value in man. Tho routine consisted 
of baking tho catheter dry following the Usual chemical 
sterilization and dipping the tip in full-strength heparin 
(Liquamine, Lilly) for an hour just before use. After 
proper drying the hydrophilic plastic coating absorbed 
enough heparin to act as an effective local surface anti¬ 
coagulant. 

Baking (at 110-120° 0 dry heat for 1-2 hrs) also 
stiffens tho catheter, making it easier to manipulate ae- 
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curately and probably leas traumatic&lly (5). Excessive 
heat (over 125° C) or too frequent baking shortens the 
life of the catheter. The only alternative to occasional 
baking, when the catheter finally becomes too limp to 
control, is the use of a stylet to lend sufficient stiffness 
for controlled insertion, as described above. 
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A Modified Photoelectric Apparatus for 
Permeability Studies 1 

F. R. Hunur 

Department of Zoological Sciences, 

University of Oklahoma, Norman 

For a number of years the author has been using n 
photoelectric technique for measuring the permeability of 
eryl irocytos similar to that described by Parpart (S). 
Most of the experiments hnvo involved hemolysis studies 
of chicken erythrocytes. Since the rate of hemolysis inn.v 
be influenced by a number of different factors (c.g., 
Jacobs, g) it was decided to use swelling measurements 
only as an indication of permeability changes. The 
author has experienced much more difficulty in obtaining 
measurable light changes when chicken erythrocytes swell, 
however, than when mammalian erythrocytes are used. 

It was thought that perhaps greater sensitivity could 
be obtained using light of a wave length corresponding to 
the region of the spectrum which is maximally absorbed 
by hemoglobin. Consequently, the light was passed 
through a green fllterz before going through the erythro- 

1 This work was made possible by grants from the U. S. 
Public Healtb Service and from the Faculty Research Fund 
or the University of Oklahoma. 

■Corning glass Alter #4010, which has maximum trans¬ 
mission at 020 mu, 



Km. l 


cyte suspension. This, however, decreased the light trans¬ 
mission to such an extent that the current produced by 
the pliutronic cell was too small to give u measurable de¬ 
flection of the galvanometer. A photoelectric call and 



* Fm. 2 

amplifier wore substituted for the photronic cell with 
satisfactory results. A photograph of the photocell-am¬ 
plifier unit* is shown in Fig. I and a diagram of the cir¬ 
cuit, in Fig. 2.‘ 

* The author Is Indebted to Haas Weltln, Department or 
Physics, University of California, Santa Barbara, lqr the 
design and construction of this unit. 
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Much greater sensitivity and flexibility of the appa¬ 
ratus can be obtained without the green filter, using more 



Fig. 3* The effect of concentration on swelling of chicken 
erythrocytes In 0.3 M glycerol In Ringer Locke. A— 0.15 
ec of blood; B— 0.18 cc of blood; C— 0.20 cc of blood; 
D— 0.10 cc of blood (medium sensitivity on amplifier). 

concentrated erythrocyte suspensions. It can be seen 
from the circuit diagram that the amplifier has three de- 


Figs. 3 and 4 illustrate the performance of the appa¬ 
ratus when used without the filter. In obtaining Figs. 
3A, B, and C and 4B the shunt was aet to give next to 
maximum sensitivity and the amplifier to give maximum 




Fju. 4. The swelling of humnn erythrocytes In 0.3 M 
glycerol In Ringer Locke. A—0.06 cc of blood (medium 
sensitivity on amplifier) ; B—0.10 cc of blood (maximum 
sensitivity on amplifier). 

sensitivity. Figures 3D and 4A were obtained with the 
shunt on next to maximum sensitivity and the amplifier 
on medium sensitivity. Figure 3 shows the effect of vary¬ 
ing the concentration of chicken blood added to 10 cc of 
0.3 M glycerol in Ringer Locke. The first 15 see are re¬ 
corded; readings wore then taken at 15-sec intervals. In 
spite of the difference in deflection with the different con¬ 
centrations, half of the total deflection in each instance is 
reached in approximately min. Figure 4 is a contin¬ 
uous recording of tho swelling of human erythrocytes in 
0.3 M glycerol in Ringer Locke. In both A and B the de¬ 
flection was too great to record the complete curve on the 
camera. A comparison bet ween Figs. 3 and 4 demon- 



Ftg. 5. The effect of standing nt 37” C on the amount of galvanometer deflection obtained with chicken (A-D) 
and human (H), F) erythrocytes swelling In 0.S M glycerol In Ringer Locke. A—0 hrs ; B—8 tars ; C—6 hra ; D—19 
hrs : E—ft hr ; F—-12 hrs. 


gTees of sensitivity. In addition, an Ayrton shunt is strates the greater galvanometer deflection which can be 

placed in the galvanometer circuit which adds another obtained using mammalian erythrocytes. 

means for varying the sensitivity. Fig. S Is included to illustrate a possible source of error 
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which must be carefully considered in making measure¬ 
ments of swelling/ In a preliminary paper (I) it was 
pointed out that untreated chicken erythrocytes, after 
standing for several hours at 87° C hemolyze more rapidly 
than they do during the first few hours at this tempera¬ 
ture. Fig. 5A-D illustrates that the galvanometer deflec¬ 
tion inercoflos as chicken erythrocytes stand at 37 0 G. At 
aero time the whole swelling curve can easily be recorded 
on the 12-cm bromide paper, but several hours later the 

Comments and 
Communications 

Blood Changes Due to Ammonia Inhalation? 

We have rend the recent article by Schmidt and Vallen- 
court entitled "Changes in the Blood Fellowing Exposure 
to Gaseous Ammonia" (Science, November 19, p, 555). 
There are several serious errors apparent in this work 
which should be pointed out. 

At the meeting of the American Public Health Asso¬ 
ciation in Boston Inst November, we presented results of 
a study involving 30-min exposures of 7 human subjects 
to 500 ppm of anhydrous NH 0 gas. A description of the 
data was submitted for publication in October 1948 and 
will soou appear in a scientific journal. 

A concentration of 500 ppm was used; therefore our 
results can be compared to those of Schmidt and Vallen- 
coUTt. We selected |-hr exposures since Henderson and 
Haggard (Noxious puses, New York: ReiuhoUl, 1043, p. 
126) reported that the maximum allowable concentration 
for a $- to 1-lir exposure is 300 to 500 ppm. 

All 7 subjects experienced irritation of the nose and 
throat immediately, and, in some, the irritation persisted 
for as much as 24 hrs. It is surprising that the subject 
reported in Schmidt and Vnllericourt 'b paper did not ex¬ 
perience marked irritation of the nose and throat after 
4 hre' exposure to a mean concentration of 54*5 ppm. 

The authors failed to report the details of the exposure 
chamber and tho subject's activity during the exposure, 
It seems unusual to maintain a gas concentration so well 
in an ordinary room unless the dilution rate is close to 
the rate of gas evolution. Since only two air analyses 
were made over a period of 4 hours and these were "grab 
samples" (L. Silverman, Industrial air sampling and 
analysis, Chem. and Tox. Bull. No. 1, Pittsburgh; In¬ 
dustrial Hygiene Foundation, 1947), it is quite possible 
that the actual concentration may have varied widely. 

The values presented in the authors' Table 1 may be 
questioned in several respects. The most serious discrep¬ 
ancy appears to be in the blood- NH, (mg %) values 
(column 3). If one assumes a minute volume of 20 1' 

1 TKls represents the mean value of sedentary subjects ex¬ 
posed to BOO ppm In our study and represents the Increase 
Produced by NHa over no rmal values of 9-12 liters. 

* Bactertologlcally sterile techniques were observed except 
during the few minutes when the actual swelling measure- 
roents wee* made. 


deflection of the galvanometer becomes so much greater 
that only the first portion of tho curve can be recorded. 
Figs. 5E and F show that no comparable change is ob¬ 
served when human erythrocytes stand at 37° C. H 
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and an ammonia concentration of 545 ppm (mean of two 
determinations made by the authors) and, finally, that all 
ammonia is retained in a blood volume of 5 liters, then 
the values shown below are obtained. These results 
neglect ammonia conversion to other nitrogenous com¬ 
pounds and arc presented below in comparison to the 
authors' values. 

TABLE 1 


Time 

(hrs) 

Authors' 

NHa(mg 

Calculated 

NH«(mg %) 

Normal 

00.0 

00.0 

1 

12.1 

B.7 

2 

21.0 

17.4 

3 

27.9 

20.2 

4 

30.4 

34.0 


From this table, it appears that the authors have found 
more ammonia than could theoretically be retained. Pos¬ 
sible explanations might be either greater respiratory 
minute volume or lower blood volume, but these could 
hardly vary widely enough to explain the discrepancy. 
The invalidity of the assumption that all inhaled am¬ 
monia is retained is evident from our data, which show 
that the amount of ammonia retained decreases with time 
until after 30 min only 20 to 30% of the inhaled con¬ 
centration is absorbed, as measured by frequent cxhalcd- 
uir analyses. The data on blood ammonia presented by 
Schmidt and Vnllencourt arc rendered oven more in¬ 
credible by reference to Peters and Van Slyke (Quantita¬ 
tive clinical chemistry Vol. 1, 2nd ed. Baltimore; 
Williams and Wilkins, 1940). The method used was ap¬ 
parently not accurate enough to detect normal levels of 
blood ammonia, which, with proper methods, is of the 
order of 0.004 to 0.05 mg % (reported by Schmidt and 
Vallcncourt: 00.0 mg %). It is well known that am- 
moniA concentrations multiply rapidly in drawn blood 
unless rigid precautions are taken. On the other hand, 
the blood level in vivo is kept very near to 0 by the extra¬ 
ordinary efficiency with which ammonia is converted to 
amide nitrogen in the tissues and to urea in the liver. 
Ammonium salts are readily absorbed from the gastro¬ 
intestinal tract; however, even large doses evoke but a 
slight transitory rise in blood ammonia, the ammonia 
being rapidly excreted as uTea. Administration of 10 to 

0 All records were obtained using a recording camera placed 
1 m from r Leeds and Northrop Type R galvanometer with a 
sensitivity of 0.003 na/mm at 1 m and a period of .3 sec. A 
Kipp and Zonen torsion string galvanometer has also been 
used with satisfactory results. The temperature was 37" C 
In all cases. Figures 8-5 are tracings of the photographic 
records. 
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13 gins of ammonium citrate to normal human subjects 
raised the blood ammonia from 0.02 to 0,04 mg to 
only 0.00 mg % (quoted by Peters and Van HI fee). 
Furthermore, ammonia is a highly toxic material. Boll- 
mnn and Mann found that liverless dogs developed signs 
of ammonia intoxication (e.g. convulsions) when the 
blood level reached 2.0 mg % (Amer. J . Physiol,, 1930, 
02, 92). 

Our studies based on 30-min exposures indicated no 
significant deviations from normal in blood and urine 
nitrogen measurements. 

Schmidt and Vallencourt state: *'It has boon known 
for some time that inhalation of ammonia lowered the 
blood pressure, but no quantitative data pertaining to 
thin are available.' 1 Sollman (A rnanual of pharma¬ 
cology, 5th ed. Philadelphia: W. B. Saunders, 1936, 
p. 837) states that the effect of ammonia inhalation is 
a rise of blood pressure,*reflex in origin from stimulation 
of trige min al nerve endings. Because of the reflex na¬ 
ture of the blood pressure effect and since our results 
showed that ammonia retention decreases with time, one 
would expect the influence of NH„ on blood pressure to 
be greatest in the first 30 minutes. Wo found no con¬ 
sistent change at the concentration used, which agrees 
with the authors' finding, but it seems very unlikely that 
a later fall in blood pressure should be attributed to am¬ 
monia. Schmidt and Vallencourt are curiously indefinite 
on their “quantitative" observations of blood pressure. 
Whether the pressure reported is systolic or diastolic ib 
not stated, and it is impossible to generalize about blood 
pressure responses from a single experiment on one indi¬ 
vidual, In view of the steady decrease in pressure shown 
by the authors for three hrs’ exposure, it is curious that 
further observations were not made, since the decline at 
3 brs was approaching significantly hypotensive levels. 

Leslie Silverman and James L. Whittenbergeb 
Harvard School of Public Health, Boston 

On New Nicotinolytic Compounds 

In previous papers (C. Heymans and G. R. de Vleesch- 
houwer. Arch . int. Pharmacodyn. Ther ,, 1948, 75, 307, 
413) it has been demonstrated that the diethyl-amino-ethyl 
ester of phenyl-cyclopentane carbonic acid (parpanit) is 
a very active nicotinolytic agent. Intravonous injections 
of 20-30 mg/kg of parpanit indeed suppress all toxic 
actions of high doses of nicotine. 

The present experiments were undertaken with another 
new synthetic compound: N-diothyl-amino-ethyl pheno- 
thiazine (dipaTcol). Some general pharmacological 
properties of this substance were already studied by 
Rovet, Fournel, and Charpeutier ( ThArapie, 1947, 2, IIS'* 
and Gordon ( Nature , Lond., 1048, 162, 140). 

Our experiments {Commun. Soc. Biol. Montevideo, * 
November 25, 1048) were performed on chloralosed dogs. 
Intravenous injections of 15-30 mg/kg Of diparcol pro¬ 
tect completely against 100-200 lethal doses of nicotine. 
No cardiac slowing or irregularities, cardiac fibrillation, 
changes In blood pressure, bronchospasms, hyperperistal- 
sis, convulsions or muscular fibrillations, salivation, or 
paralysis of the respiratory center occurs after intraven¬ 
ous injections of 100-200 LB of nicotine in dogs pre¬ 


treated w i tli diparcol. Thus, this new compound is also 
n very aclive nicotinolytic agent. 

Parpanit and diparcol are not only powerful nieotlno- 
lytic substa ivces but also synapticolytic, parasympatholytic 
and anticonvulsant agents. These compounds also very 
actively piotect against high doses of acetylcholine, 
pilocarpine, diisopropyl fiuorophosphate (DFP), strych¬ 
nine, and Metrazol. 

These experimental observations may have some im¬ 
portant practical applications. 

G. Hetmans and J. J. E stable 
University of Ghent, Belgium, and 
University of Montevideo , Uruguay 

Nazi Persecution of Scientists 

In connection with Professor Muller’s letter to the 
Soviet Academy of Sciences ( Science, October 22, p. 486), 
I think it would be helpful to call the attention of every 
American scientist, Army and Navy officer, and congress¬ 
man, to a few sentences in Gocbbels’ diaries (Now York: 
Doubleday, 1948). 

On page 361 Goebbels tells of an occasion on which he, 
Frick, and Rust were guests of the Fuehrer. He wrote, 
" Their comments and remarks were so idiotic as to reveal 
how 7 completely out of the picture they really are. They 
delivered themselves of stupid phrases . . . . ’ f The im¬ 
portant point is that Rust was the Nazi Minister of 
Education and, as Lochner notes, he had been an inmate 
of ail insane asylum l He w r as the one chosen to persecute 
the scientists and university leaders, causing them to 
flee from Germany for their lives. 

This seemed to be a good idea at first, but on May 12, 
1043, things were going badly for the Germans in the 
air and on the sen. The Allies ivere using new 7 discoveries 
in physics which wore paralyzing the German planes and 
submarines. And so, on p. 375, one finds Goebbels re¬ 
gretting that Max Planck had been so antagonized. As 
he said, "It is the fault of Rust and is irremediable 
.... The mediocre talents in the Reich Government 
are a wall between the Fuehrer and many 'sectors of 
public life.* 1 In his devotion to his Fuehrer, Goebbels 
tried to make him out as a would-be patron of science, 
ignoring the fact that he had appointed a miserable quack 
as his private physician. 

On p. 378, speaking of the critical situation of the 
submarines in the faco of the new detecting devices de¬ 
veloped by Allied physicists, Goebbels wrote, " Our tech¬ 
nical development both in the realm of submarines and of 
air war is far inferior to that of the English and the 
Americans. We are now getting the reward for our poor 
leadership on the scientific front, which (lid not show the 
necessary initiative to stimulate the willingness of scien¬ 
tists to co-operate. You just can’t let an absolute nit¬ 
wit head German science for years and not expect to be 
punished for Buch folly." 

This paragraph might well be read and re-read now at 
home and abroad. In times of peace, baiting scientists 
and great men and putting thorn in their place is great 
fun for politicians but Goebbels has told us how disas¬ 
trously this policy pays off when war comes. 

Walter G. Alvarez 


Mayo Clinic, Rochester, Minnesota 
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Book Reviews 


Method* of psychology, T. G. Andrews. (Ed.) New 

York: John Wilry; London: Chapman and Hall, 1948. 

Pp. xiv + 7JG. (Illustrated.) 45.00. 

Many instructors hnve long desired a systematic text 
to facilitate greater emphasis on methodology in the 
training of undergraduate psychology students. This 
book, which deals with methodology in many areas of 
psychology, was written by specialists in each area. The 
editor recognizes certain limitations in tenriB of omis¬ 
sions, both in the material presented and in areas not 
represented, such as industrial psychology. 

After an introductory chnptor on variables, controls, 
experimental design and the like, methodology in each 
of several arena is presen tod. Consideration is given to 
various aspects of learning, psychophysics, perception in 
various sense modalities, affection, motor functions, per¬ 
sonality, social behavior, child development and others, 

The things an instructor might like to And in the dis¬ 
cussion of any one area, such as studying human think¬ 
ing, might well include the following: sample problems, 
experimental designs for tbe problems, outlines of meth¬ 
ods with apparatus including diagrams and controls, ref¬ 
erences to more complete details in published reports, 
methods of treating data with sample tabular arrange¬ 
ments and graphs, and some guidance for critical inter¬ 
pretation of results. No chapter of this book may com¬ 
pletely satisfy nil the requirements laid down by the 
critical reader. Some uro very well done but others are 
poor in terms of adequate treatment of methods in the 
area. For instance, the reviewer considers the discussions 
of "Psychophysical Methods," "Studying Propriocep¬ 
tion,” "Motivation, Feeling and Emotion,” and "Study 
Ing Neuropsychology and Bodily Functions ” to be nmong 
the better chapters. "Studying Vision,” on the other 
hand, is poor and some of the other sections are only 
mediocre. The first chapter, on introduction to psycho¬ 
logical methodology, could have been more complete in 
details and illustrations. 

There are two major deficiencies in the organization 
of this treatise: the apparent expectation that the meagre 
information on experimental design and controls in the 
first section will transfer to the. study of subsequent 
chapter, and the attempt In most chnpters to cover too 
much territory, which obviously has led too frequently to 
skimpy treatment of experimental design, methods, ap¬ 
paratus, and controls. In terms of teaching methodology, 
the book might have been more helpful to the student if 
each chapter had included brief statements of types of 
problems and methods with references to sources where 
complete descriptions may be found. Then there should 
have been a discussion of one typical experiment includ¬ 
ing a statement of the problem, method and apparatus 
with experimental design, controls, organization of results 


and conclusions. With tho present organization of the 
book, it is doubtful if the student will learn the require¬ 
ments for planning and carrying out experimental work 
in more than a few of the areas. 

This text, which has several excellent chapters, repre¬ 
sents a step in the proper direction, Criticism of the 
materinls presented undoubtedly will eventually lend to 
a revision with a better organization. Jn the meantime 
the book should find general use in experimental and 
methodology courses. 

Mileb A. Tinker 

University of Minnesota 

Principles of mathematical physics . (2nd ed.) William 
V. Houston. New York-London: McGraw-Hill, 1948. 
Pp. xii + 303. $5.00. 

The first edition of Houston's book was known to 
teachers of theoretical physics for tho clarity of its 
presentation and the judicious selection of material 
included. The second edition preserves these advan¬ 
tages. It is still a textbook usable in an intensive se¬ 
mester or a leisurely year's course, although it has been 
expanded and rearranged. The problems continue to be 
a major feature of the text and these are not routine but 
form a complement to the material chosen for detailed 
treatment. Especially useful, and rarely found in books 
of this type, is a chapter on the theory of vibrating 
systems. 

It might be said that the work is incomplete and lacks 
coherpnee. If the size of the book was set in advance, 
however, the author has utilized the space for the most 
worthwhile material. 

Hrnrt Marqenad 

Yale University 

Studies of upper-air conditions in low latitudes. Part I: 
O* the formation of West Atlantic hurricane i (Riehl) ; 
Part II: Relations between high- and low-latitude cir¬ 
culations (Cressman). Herbert Rlelil and George F. 
Cressman. Chicago: Univ. of Chicago Press, 1948. 
Pp. vi+103. (Illustrated.) $2.00. ■ 

Military requirements during World War II and certain 
unsolved problems of the general circulation in the earth's 
atmosphere havfrbeen a stimulus to a considerable amount 
of research in tropical meteorology during the past 
several years. Successful research in this field of meteor¬ 
ology requires an unusually high degree of skill in analy¬ 
sis and interpretation because of the vaatness of the 
geographical region under consideration, the paucity of 
the available data, and the complexity of the phenomena 
under study. The authors have been prominently asso¬ 
ciated With recent research in this field, and their report, 
though plainly not a comprehensive summary of knowl- 
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edge concerning tropical meteorology, clarifies several 
important aspects of low-latitude weather, emphasises the 
importance of upper air analysis, and stresses the inter¬ 
relationship between tropical weather phenomena and 
extratropical circulation patterns. 

In Part I the structure of tropical hurricanes is com¬ 
pared with the lass spectacular, but climatologically more 
significant, tropical disturbances, and the circumstances 
attendant upon the transition from one to the other are 
discussed. An explanation for the generation of cyclonic 
vorticit.y is presented which differs from that usually 
accepted in middle latitudes. The importance of an 
overlapping between middle- and low-latitude disturb¬ 
ances is discussed and illustrated with synoptic, examples. 

Part II is restricted to the definition, description, and 
illustration of typical circulation patterns during the 
summer months. The importance of the interrelation 
between tropical and extratropical disturbances is dis¬ 
cussed. 

The report is an excellent example of the results which 
can be obtained in a highly specialized field by research 
scientists who are thoroughly familiar with current and 
past research in other fields of meteorology. 

Thomas F. Malone 
Massachusetts Institute of Technology 


Scientific Book Register 

Condit, I ba J. The fig. Waltham, Mass.: Chronica 
Botanica; New York: Stechert-Hafner, 1947. Pp. 
xv + 222. (Illustrated.) $5.00. 

Corner, Geobqe W. (Ed.) The autobiography of Ben¬ 
jamin Rush; his ** Travels Through Life ” together 
with his Commonplace Book for 1789-1813. Prince¬ 
ton, N. J.: Princeton Univ. Press, 1948. Pp. 39B. 
(Illustrated.) $6,00. 

Curtis, Wintbrton C., and Guthrie, Mary J. Labora¬ 
tory directions in general zoology. (4th ed.) New 
York: John Wiley; London: Chapman & Hull, 1048. 
Pp. viii + 230. (Illustrated.) $2.00. 

Davis, H. A. Shook and allied forms of failure of the 
circulation. New York; Grune & Stratton, 1649. Pp. 
arii + 596. (Illustrated.) $12.00. 

Elliott, Godfrey M. (Ed.). Film and education: A 
symposium on the role of the film in the field of edu¬ 
cation. New York; Philosophical Library, 1948. Pp. 
xi + 597. $7.50. 

Field, Henry. (Compiler.) Contributions to the 
anthropology of the Soviet Union , (Publ. 3047.) 

Washington, D. C.: Smithsonian Institution, 194S. 
Pp. vii + 244. (Illustrated.) $2.00. 

Kelley, Walter P. Cation exchange in soils. New 
York: Roinhold, 1948. Pp. xv + I44. (Illustrated.) 
$4,50. 


Marton, L. (Ed.). Advances in electronics. (Yol. 1.) 
New York: Academic Press, 1048. Pp. xi + 475. (Il¬ 
lustrated.) $9.00, 

Mitchell, Philip H. A textbook of general physiology. 
(4th ed.) New York-London: McGraw-Hill, 1048. 
Pp. ix + 927. (Illustrated.) $7.60, 

Muldoon, Hugh C. Organic chemistry . (3rd ed.) 
Philadelphia-Toronto: Blafaiston, 1948. Pp. viii + 048. 
(Illustrated.) $5,50. 

Pincijs, Gregory. (Ed.) .Recent progress in hormone 
research: the proceedings of the Laurentian Hormone 
Conference. (Vol. III.) New York: Academic Press, 
1948. Pp. 378. (Illustrated-) $7.80. 

ScHjff, Leonard I. Quantum mechanics. New York: 
McGraw-Hill, 1949. Pp. xii + 404. (Illustrated.) 
$5.50. 

Schiller, Fall v. Aufgabe der psyohologie: eine 
geschichte ihrer problems. Vienna: Bpringer-Verlag, 
1948. Pp. 233. $4.00. 

Shands, Alfred Rives, Jr. (in collaboration with Rich¬ 
ard Beverly Raney). Handbook of orthopaedic sur¬ 
gery. (3rd ed.) St. Louis, Mo.: C, V. Mosby Co. r 
1048. Fp. xviii+ 574. (Illustrated.) $6.00. 

Smith, David T., Martin, Donald S., et at. Zinsser’s 
textbook of bacAcriology. (9th od.) Now York-Lon- 
don: Appletou-Century-Crof fcs, 1948. Pp. xl + 992. 
(Illustrated.) $10.00. 

Stoker, John H. The flight of birds: analyzed through 
slow-motion photography. (Bull. No. 28.) Bloom- 
flold Hills, Mich.: Cranbrook Institute of Science, 1948. 
Pp. xv+94. (Dlustrated.) $2.60. 

Tweney, C. F., and Hughes, L. E. C. Chambers's tech¬ 
nical dictionary. (Rev. ed.) New York: Macmillan, 
1940. Pp. viii + 076. $6.50. 

Viette, Pierre, Lipidoptires homoneures. (Faune de 
France, 49.) Paris: Paul Lechevaller, 1948. Pp. 83. 
(Illustrated.) 650 fr, 

Watson, Robert I, (Ed.) Readings in the olinioal 
method in psychology. New York: Harpei, 1049, Pp. 
v + 740. $4,50. 

Wilson, John G. About cosmic rays. London: Sigma 
Brooks, 1948. Pp, 144. (Illustrated.) 8/6, 

Wolff, Etienne. La science des monstres. Paris: Li- 
brairie Gallimard, 1948. Pp. 266. (Illustrated.) 
580 fr. 

Work, Thomas S., and Work, Elizabeth. The basis of 
chemotherapy . New York: Intersciencc, 1048. Pp. 

xx + 435. (Illustrated.) $0.60. 

■ 

-. Ionospheric radio propagation. (Nat. Bur. 

of Standards Circ. 462.) Washington, D. C.: Supt. of 
Documents, U. 8. Govt, Printing Office, 1048. Pp. 
iv + 200. (Illustrated.) $1.00. 

-. The Royal Society Scientific Information Con¬ 
ference, June-July 1948 - London, Engl,: The Royal 
Society, 1048. Pp. 723, (Illustrated.) 1£ 0/. 
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Association Affairs 


AAAS Staff Changes 

Science regrets to announce the 
resignation on December 31 of Execu¬ 
tive Editor Mildred Atwood Rustigan. 
Her capacity for hard work and her 
editorial and administrative ability 
have been of the highest value at all 
times during her association with the 
AAAS editorial staff, and really es¬ 
sential to the publication of Science 
since the untimely passing of the 
editor, Dr. Willard L. Valentine, in 
1947. ^Xfiss June Armstrong, who has 
been associated with Mrs. Rustigan in 
editorial duties on Science and who is 
now serving as acting executive editor, 
has resigned effective February 28 to 
return to the Pacific Coast. 

Beginning with the present issuo 
Miss Beth Wilson becomes executive 
editor of Science. Miss Wilson has 
been assistant editor of Physics Today 
and had previously worked for Fortune 
and Science Illustrated. She is a 
graduate of the University of Ne¬ 
braska, and a member of Phi Beta 
Kappa. The Science staff also in¬ 
cludes Miss Dorothy Witham, Miss 
Jeanne Hopson, Mrs. Arlene Butterly, 
and Mrs. Anna H, Freedman. 

Dr. F. R. Moulton retired as ad 
ministrative secretary at the close of 
his term, January 15. His great serv¬ 
ices to American science through 
AAAS activities will be the subject 
of a later article in Science. As an¬ 
nounced in the issue of November 20, 
3040, Prof. Howard A. Meyerhoff is 
assuming the position of administra¬ 
tive secretary of AAAS. Until the 
end of the present academic year, he 
will also he engaged as professor of 
geology at Smith College. 

Sincere regret is felt at the resigna¬ 
tion on December 31, of Dr. John M. 
Hutzel, assistant administrative sec¬ 
retary, to accept an important post in 
government service. He will continue 
to serve the Association os adminis¬ 
trative consultant. Effective February 
1, 1040, the position of assistant ad¬ 
ministrative secretary will be filled by 
Prof, Raymond L. Taylor of Sampson 


College, formerly of the College of 
William and Mary. 

Conference on U. N. 

On January 14 the AAAS wus 
officially represented by Howard A. 
Meyerhoff at n National Conference 
on the United Nations, called by tho 
Department of State. The invitation 
was issued by Francis H. Russell, 
Director of the Office of Public 
Affairs, and the Executive Committee 
responded at its December meeting 
by naming as its representative the 
Administrative Secretary and, as an 
alternate, the President, E. C. Stak- 
liian. The crowded program was a 
successful effort to place before the 
200 people in attendance the facts of 
diplomatic life in one vital field of 
U. 8. international relations. 

The program, which occupied « very 
full day, started at 9:00 A.M. with 
a general session of the conference, 
held in the State Department Audi¬ 
torium, Chnirman Francis H. Russell 
opened tho conference and Acting 
Secretary of Htato Robert A. Lovett 
made introductory remarks. Dean 
Rusk, Director of tho Office of United 
Nations Affairs, spoke on li Regional 
Security Arrangements Under the 
United Nations Charter”; Mrs. 
Franklin D. Roosevelt, U. S. Delegate 
to the General Assembly, on ”Devel¬ 
opments on Human Rights at the Paris 
Meeting of the General Assembly 1 '; 
and Durward V. Sandifer, Deputy 
Director of the Office of United Na¬ 
tions Affairs, on “Next Stops in the 
United Nations Human Rights Pro¬ 
gram.” At 11:30 conference mem¬ 
bers took part in round table discus¬ 
sions on human rights. 

The luncheon meeting at the Hotel 
Washington was addressed by How¬ 
land W, Sargeant, Deputy Assistant 
Secretary of State for Public Affairs, 
and by John Foster Dulles, U. S. 
Delegate to the U, N. General As¬ 
sembly, who reported on the Paris 
session of the General Assembly. 

The mid-afternoon general session, 


at which Willard L. Thorp, Assistant 
Secretary of State for Economic 
Affairs, spoke on “Major Items on 
the Agenda of the Economic and 
Social Council,” was followed by 
moTe round table discussions—on eco¬ 
nomic and social problems of the U. 
N. and regional security arrange¬ 
ments. Tho five o'clock general ses¬ 
sion was devoted to reports of the 
various round table discussions and 
the conference adjourned at 5:30 
after closing remarks by the Chair¬ 
man. 

The conference wnB the flrBt of a 
aeries of three, the purpose of which, 
although allegedly to provide oppor¬ 
tunities for lending organizations con¬ 
cerned with international affairs “to 
assist in the constructive efforts of 
your Government toward solving the 
problems facing the United Nations,” 
appears to be the frank dissemination 
of knowledge ns to what is trans¬ 
piring in the U. N. The entire meet¬ 
ing was refreshingly free from any¬ 
thing resembling propaganda. Al¬ 
though many of the subjects discussed 
lie on tho periphery of science, the 
social and economic problems con¬ 
sidered, in addition to being every¬ 
one's concern, have important scien¬ 
tific connotations. Tt was evidently 
for this reason that the 150 organi¬ 
zations represented at tho conference 
included such diversified groups as the 
AAAS, Kiwanis International, Na¬ 
tional Association for the Advance¬ 
ment of Colored People, National 
Catholic Education Association, Rail¬ 
way Labor Executive A ssociation, 
American Federation of Labor, Engi¬ 
neers Joint Council, and Church of 
Jesus Christ of Latter-Day Saints. 

A second conference will take place 
in March, to consider the entire Tange 
of U. S. foreign policy; and a third, 
on the economic and social programs 
of the United Nations, is scheduled 
for May. The Association plans to 
have representation at both these 
meetings. (Howard A. hfaT&BHorr, 
Administrative Secretary,) 
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NEWS 
and Notes 


John S- Laughlin, who lias been 
working on the betntron project nt 
the University of T11inois Chicago Pro¬ 
fessional Colleges, has been appointed 
assistant professor of radiology and 
radiation physicist at the University's 
College of Medicine. 

John H. Payne has been appointed 
head of tho Technology Department of 
the Hawaiian Sugar Planters ’ Asso¬ 
ciation Experiment Station, Honolulu, 

Tracy M. Sonneborn, professor of 
zoology, Indiana University, will de¬ 
liver the fifth Ilarvcy Lecture of the 
current series at the Now York Acad¬ 
emy of Medicine on February 17. 
Dr. Sonneborn will speak on "Cellular 
Transformations. ’' 

S. Smith Stevens has been ap¬ 
pointed director of the Harvard Psy¬ 
chological Laboratories, succeeding 
Edwin G. Boring, who Is resigning his 
directorship after 25 years of service 
but will continue as professor of 
psychology. 

Margery C. Carlton, assistant pro¬ 
fessor of botany at Northwestern Uni¬ 
versity, is making a six-month botani¬ 
cal exploration of Mexico and Central 
America. Dr. Carlson will collect 
specimens of the native flora to be 
deposited in the Chicago Natural His¬ 
tory Musaum. The expedition is spon¬ 
sored jointly by the Museum and the 
University. 

Lawrence R. Hafstad, former exec¬ 
utive secretary of the Joint Research 
and Development Board of the Na¬ 
tional Military Establishment, has 
been appointed director of the new 
Reactor Development Division of the 
U. S. Atomic Energy Commission. 
This division of the USAEC was cre¬ 
ated last August to carry out the 
program of designing and developing 
nuclear reactors for the practical ap¬ 
plication of atomic energy for power, 
propulsion of ships and aircraft, pro¬ 
duction of isotopes, and for research 
on reactors thomeselves. 


George W. Schaeffer, former assist- at Yale. The trip will be supported 
ant professor of chemistry at the Uni- by the Viking Fund, tho Coolidgc 
versity of Chicago, has boon appointed Fund, and the Social Science Research 
associate professor and director of the Council. 

Department of Chemistry at Saint 

Louis University. Grants and Awards 

David E. Lilienthal, chairman of John Rawlings Rees, British scien- 
t-lie U. S. Atomic Energy Commission, tist and president of the World Fed- 
will deliver tho mid year commence- oration for Mental Health, has re- 
ment address and receive the honorary ceived an award of $5,000 from the 
degree of doctor of laws at *Lehigh International Committee for Mental 
University, February 6. Hygiene in New York, for his research 

into the application of psychology to 
J. Lanjouw, conservator of tho international reltttionB . 

Herbarium and Botanical Museum at 

the University of Utrecht, Netherlands, Two German scientists are to re- 
hriB been appointed professor of plant ceivc Nobel prizes in chomistry that 
taxonomy, succeeding A. A. Pullc, re- Hitler had forbidden them to accept, 
tired. Dr. Lanjouw is at present in They are Richard Kuhn of Heidelberg 
Surinam doing botanical work. University, who won the prize in 1938, 

and A. Butennndt of Tuebingen Uni- 
Shepard Bartnoff anrl Wineton H. veraUy| who won it iu 1939- 
Bostick have been appointed instruc¬ 
tors in physics at Tufts College. The Carl Neuberg Medal for 1949 

has been awarded to F. F. Nord of the 
Merritt L. Fern aid, retired direc- Qpgmiatry Department of Fordliam 
tor of the Gray Herbarium of Harvard University. 

University, and Fisher professor 

emeritus of natural history, has been Warren K. Lewis, professor emeri- 
elected to the Royal Society of Sci- tus of chemical engineering at tho 
oncos of Uppsala. Massachusetts Institute of Technology, 

will be awarded tho 1949 gold medal 
Robert R. Sears of the University 0 f tj,e American Institute of Chemists 
of Iowa has been appointed professor the Institute's annual meeting in 
of education and child psychology at Chicago in May. 

Harvard University. Dr. Bears will 

also become director of a new Inborn- Smith, Kline and French Labora¬ 
tory of human development to promote tones of Philadelphia have awarded a 
research in the fields of motivation total of 73 grants amounting to $314,- 
and learning theory. 701 in support of medical research 

during 1940. The funds provide foT 
Ford M. Milam of the University scholarships and fellowships, aids to 
of West Virginia is now employed by precHnical research, and support of 
the U. 8, Department of Agriculture investigations in fields of clinical medi- 
as head of tho agronomy department cine. Twenty-seven of the grants were 
nt its experiment station in San Solva- ma de to medical schools, and the bal- 
dor, El Salvador, Central America. ance to institutes, clinics, and individ- 

^ — ^ 1 ual investigators. 

Paul Magnus Gross, professor of 

chemistry at Duke University, has Mathematicians Donald C. Spencer, 
been elected vice president of the Stanford University, and Albert 
University in charge of the educational Schaeffer, Purdue University, have 
division, Dr. Gross is also dean of been named joint recipients of the 
the Graduate School at Duke, 

Bocher Memorial Priae, which is 
Raymond Kennedy, professor of awarded every five years by the Amer- 
sociology at Yale University, will ican Mathematical Society. The prize 
leave in June to spend 15 months in is $100, and each received this amount. 
Indonesia studying the influence of They were honored for their book on 
western civilization on native culture, conformal mapping, a technical mathe- 
The Indonesian research trip is a proj* matical work of which one application 
ect of the Southeastern Asia Studies, is in computation of pressures In the 
whose headquarters in this country are flow of air over an airplane wing. 
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Fellowships 

Duke University School of Medi¬ 
cine will make available on July 1 
several tvvo-yoar fellowships carrying 
stipends of $2,400 the first year and 
$3,000 the second year. The work will 
include special training, clinical and 
consultation practice, and tonching and 
research in the fields of hematology 
and allergy, pulmonary diseases, gas- 
tro-entprology, hypertensive cardio¬ 
vascular Qnd renal diseases, metabolic 
disensoH, cardiology, and general in¬ 
ternal medicine and thnrnpoutics. Ap¬ 
plicants musl have completed three 
years of training in interna) medicine 
or a satisfactory equivalent. Further 
information may be obtained from 
Eugene A. Stead, Jr., Professor of 
Medicine, Puke University School of 
Medicine, Durham, North Carolina. 

The Conway MacMillan Memorial 
Research Fellowship in Botany at 

the University of Minnesota is of¬ 
fered again to doctoral students for 
the year 1949-50. The award of $1,- 
200 for the ncudcinic year is supple¬ 
mented by pnyiiiiSj^, of tuition fees ill 
the Graduate School. Applications 
must lie made by March 1. Address 
all inquiries to A. O. Dahl, Chairman 
of the Conway MacMillan Fellowship 
Committee, Department of Botany, 
University of Minnesota, Minneapolis 
14, Minnesota. 

Colleges and Universities 

The Damon Runyon Laboratory 

of Chemical Embryology of the Uni¬ 
versity of Colorado Medical Center 
will be housed in a new cancer research 
wing to be constructed at the Center 
through funds recently made available 
by the National Cancer Institute of 
the I). S. Public Health Service and 
the Uuivorsity of Colorado. The grant 
of $25,000 received Inst summer from 
file Dumon Runyon Cancer Fund will 
administered by representatives 
from the Departments of Biochemistry, 
Obstetrics and Gynecology, and Pedia¬ 
trics, The Laboratory will be directed 
by Heinz Herrmann, now at Yale Uni¬ 
versity and formerly at the Biological 
Institute of the Carlslierg Founda¬ 
tion, Copenhagen. He will join the 
stuff ns associate professor of pedia¬ 
trics (research) on July 1, 1949. 

Providence College, Providence, 
Rhode Island, dedicated itB Albertus 


Magnus Science Hall on January 27- 
29. The new millon-dollur building 
will house the Departments of Biology, 
Chemistry and Physics. 

Tlie Building Committals of the Uni¬ 
versity of Texas Medical Branch, 

Galveston, under the chairmanship of 
W. B. Sharp, professor of bacteriol¬ 
ogy, reports plans for new buildings 
at the Medical Branch to cost more 
than $0,000,000. These include part of 
a new general hospital and a private 
pavilion to be erected by the Senly 
and Smith Foundation at an estimated 
cost of $3,500,000 and the Henry and 
Ross Zoiglcr Tuberculosis Hospital, to 
be built by funds from the Zeigler 
bequest. 

The 2nd Symposium on Plasticity 
will be hold at Brown University 
April 4-0, 1949, under the sponsorship 
of the Bureau of Ships nnd the Office 
of Naval Research, Nun Department. 
The principal topics will be ' 1 Struc¬ 
tural Applications of the Theory of 
Plasticity ” and “Dynamic Problems 
of Plasticity. M One day will lie de¬ 
voted to miscellaneous contributions 
to theoretical or experimental phases 
of plasticity. Further information 
may be obtained from Prof, P. S, 
Symondfl, Graduate Division of Ap¬ 
plied Mathematics, Brown University, 
Providence 12, Rhode Island. 

The 30-inch Jenkintown, Pennsyl¬ 
vania telescope, one of the 50 largest 
refiectors in the world, has been pur¬ 
chased by the Agnes Scott College, 
Decatur, Georgia. 

The Fritz Engineering Laboratory 
of Lehigh University has been as¬ 
signed a two-year research project 
aimed at checking and improving de¬ 
sign procedures of shell roof structures 
of the type used in large airplane hang¬ 
ars and in the domes of monumental 
buildings. The assignment was made 
by the Roberts and Schaefer Engi¬ 
neering Company of Chicago. 

The recently established Harvard 
Foundation for Advanced Study and 
Research, designed to further the 
interest of the Schools of Arts and 
Sciences, Design, Education, Engineer¬ 
ing, and Public Administration, will 
provide for student housing, research, 
fellowships, and scholarships in the 


arena of graduate study encompassed 
by the schools, lu addition to the five 
graduate schools, a number of non- 
tuition-paying University departments 
will participate in the Foundation. 
These include the Arnold Arboretum, 
Atkins Garden and Rcscnrch Labora¬ 
tory, Blue Hill Meteorological Observ¬ 
atory, and the following museums: 
Botanical, Com pant tiro Zoology, Wil¬ 
liam llrivs Fogg, Germanic, Pen body, 
and Semitic. 

Summer Programs 

The Institute of Statistics of the 

University of North Carolina, Chapel 
Hill, will offer a summer session from 
June 9 to July 19 for research work¬ 
ers in other sciences who want, a practi¬ 
cal working knowledge of statistical 
theory, statistical consultants in vari¬ 
ous fields, those prepnring to teach 
statistics or develop statistical theory, 
nnd students working toward n degree 
in npplied or theoretical statistics. An 
announcement of the course may be 
obtained from the Director, Institute 
of Statistics, University of North Caro 
linn, Box 168, Chnpol Hill, North 
Carolina. 

The Mount Desert Island Bio¬ 
logical Laboratory, Salsbury Cove, 
Maine, will continue its tissue culture 
program this year June 15-September 
15. Accommodations are available for 
about 10 investigators with research 
problems in the field of aseptic culti¬ 
vation of tissues, organs, and embryos 
of plants and animals, with preference 
given to projects utilizing local organ¬ 
isms. Only applicants qualified to 
carry on independent research will be 
accepted. Applications should be sent 
before MnTch 15 to Dt. Philip R. 
White, Institute for Cancer Research, 
Corinthian Avenue and Poplar Street, 
Philadelphia 30. 

Duke University School of Medi¬ 
cine and Duke Hospital, Durham, 
North Carolina, will offer a course in 
medical mycology under the direction 
of Norman F. Conant this summer. 
Tho course will emphasize the practi¬ 
cal aspects of the laboratory ns an aid 
in helping establish a diagnosis of 
fungus infection. Classes will be held 
every day in tho week except Bunday 
during the month of July, A fee of 
$50 will be charged for the course and 
n certificate will be awarded upon com- 
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pletion. Further information be 
obtained from Dr. Norman F. Conant, 
Duke University School of Medicine. 

Industrial Laboratories 

The problems of research and engi¬ 
neering involved in improving the 
chemical processes of plutonium pro¬ 
duction have been assigned to tiie 
E. 1. duPont de Nemours and Com¬ 
pany by the U. S. Atomic Energy Com¬ 
mission. « The survey will include 
study of means to increase the amount 
of plutonium produced from a given 
quantity of uranium and ways to sim¬ 
plify the handling of the wastes of 
the production process. 

Production of water-white single 
crystals of pure calcium tungstate in 
research quantities has been announced 
by the Linde Air Products Com¬ 
pany, Unit of Union Carbide and 
Carbon Corporation. Two of their ma¬ 
jor uses, as indicated by the Company, 
are in scintillation counters in the 
detection and measurement of radio¬ 
activity, and as screens in X-ray fluor¬ 
oscopy. 

The Multi-Tron Laboratory of 
Chicago has been established to con¬ 
duct research and development in the 
fields of electronics, radiation, optics, 
and nuclear physics, with special em¬ 
phasis on high and low voltage elec¬ 
tronic tubes. 

Westinghouse Electric Corpora¬ 
tion has named William E. "Shoupp and 
Robert A. Bowman to direct the re¬ 
search and engineering respectively of 
its new Atomic Power Division. Dr. 
Shoupp is the former manager of elec¬ 
tronics and nuclear physics research 
at the Westinghouse Research Labora¬ 
tories in Pittsburgh, and Dr. Bowman 
the former manager of condenser engi¬ 
neering at the Company's Steam Di¬ 
vision in South Philadelphia. The 
Division's activities will include con¬ 
struction and testing of an atomic 
power plant for the propulsion of 
naval vessels. 

John W. Coltman has been ap¬ 
pointed manager of the electronics 
and nuclear physics department of the 
Westinghouse Research Laboratories. 
Dr. Coltman, former head of the X-ray 
section, succeeds William E. Shoupp, 


who was recently named director of 
research for the Westinghouse atomic 
power division. 

Meetings and Elections 

The Seventh Pacific Science Con¬ 
gress will be hold in Auckland and 
Christchurch, New Zealand during the 
month of February. It is expected 
that 30 countries interested in. Pacific 
problems will be represented at the 
Congressj which plans for meetings 
covering geology, geophysics, meteorol¬ 
ogy, oceanography and marine biology, 
zoology, botany, soil resources, fores¬ 
try) agriculture, anthropology, public 
health, nutrition, and the social 
HcicncoB. Seventy-one American scien¬ 
tists are planning to participate in the 
program, some of whom will stop over 
in American Samoa to consult with 
those engaged in scientific research 
there. 

The Ohio Alpha Chapter of Alpha 
Epsilon Delta, national premedical 
society, will be host for a stato-wide 
convention of premedical students, 
advisors, and faculty members of all 
the liberal arts colleges in the state at 
the Ohio State University, Columbus, 
on February 19. 

The annual Louisiana State Uni¬ 
versity Symposium on Modem 
Methods of Analytical Chemistry 

will be held March 2-5 in Baton Rouge. 
A formal program of lectures and 
round table discussions has been 
planned. Hotel reservations should be 
made as soon as possible by writing; 
Dr. Philip W. West, Coates Chemical 
Laboratory, Louisiana State Univer¬ 
sity, Baton Rouge 3, Louisiana. 

The Optical Society of America 

will hold its winter meeting in New 
York City March 10-12. Headquar¬ 
ters will be the Hotel Statler (formerly 
Hotel Pennsylvania). The meeting 
will be open to non-members of the 
Society. 

The American Chemical Society 

will hold its 115th national meeting in 
San Francisco March 28-April 1. Air 
pollution, the cause and treatment of 
high blood pressure, and chomical as¬ 
pects of heredity and mutationB are 
among the subjects to be discussed. 

The 2nd National Symposium on 


Recent Advances in Antibiotics Re¬ 
search, sponsored by the Antibiotics 
Study Section of the National Insti¬ 
tutes of Health to stimulate research 
in this field, will be held in Washing¬ 
ton, D. C., on April 11-12. All in¬ 
terested persons may not only attend 
the meetings but also participate in 
the proceedings by presenting reports 
of current investigations in the field. 
Only papers concerned with original 
and unpublished observations can be 
considered, however. It is hoped that 
all accepted papers can be published as 
a single monograph or as a supplement 
by one of the scientific journals. All 
abstracts of papers (in triplicate) 
should bo Bent to Dr. Leonard Karel, 
Executive Secretary, Antibiotics Study 
Section, Division of Research Grants 
and Fellowships, National Institutes 
of Health, Bethesda, Maryland, before 
March 10. 

The Mathematical Association of 
America elected the following officers 
at its annual meeting in December: 
president, R. E. Langer, University of 
Wisconsin; second vice president, N. 
H. McCoy, Smith College; members of 
the board of governors: C. B. Allen- 
doerfer, Haverford College and H. J. 
Walker, Cornell University. Con¬ 
tinuing in office from last year are 
Saunders MacLane, University of Chi¬ 
cago, first vice president, and H. M. 
Gelmian, University of Buffalo, sec¬ 
retary-treasurer. Dates were set for 
1040 meetings: Juno 20-21, a joint 
meeting with the American Society for 
Engineering Education at Rensselaer 
Polytechnic Institute, Troy, New 
York; August 20-30, the 31st summer 
meeting, at the University of Colorado, 
Boulder, Colorado; December 30, the 
33rd annual meeting, in New York 
City. 

The Pacific Chemical Exposition 
is scheduled for November 1-5 at the 
Son Francisco Civic Auditorium. 
James O. Clayton, research associate 
of the California Research Corpora¬ 
tion has been appointed chairman. 

At the 18th annual meeting of the 
Western Society of Naturalists, held 
at Occidental College, Los Angeles, De¬ 
cember 28-30, 1948, officers were 
elected as follows; President, Richard 
M. Eokin, Department of Zoology, Uni¬ 
versity of California, Berkeley; vice- 
president, Lyman Benson, Department 
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of Botany, Pomona College,' secretary- 
treasurer, William M. Hiesey, Division 
of Plant Biology, Carnegie Institution 
of Washington, Stanford; meiubors at 
large on tlie executive committee, Mar¬ 
garet H. Storey, Natural History Mu¬ 
seum, Stanford University, anti F. M. 
Scott, Department of Botany, Uni¬ 
versity of California, Los Angeles. 

The American Microscopical So¬ 
ciety, at its recent- annual mooting 
held in Washington, D. C., elected the 
following officers for 1949: Clarence 
E. Taft, president; Irene McCulloch, 
first- vice president- Dnvid C. Chand¬ 
ler, second vice president; Frank E. 
Egglct-on, secretary-editor; Alden B. 
Dawson, elective member of the execu¬ 
tive committee. 

The Hawaii Psychological Asso¬ 
ciation, recently formed hy a group 
of fellows and associates of the Ameri¬ 
can Psychological Association in Ha¬ 
waii, elected the following officers for 
1B49: president, Theodore W. Forbes; 
president-elect, Colin J. Herrick, sec¬ 
retary-treasurer, Helen E. Peixotto; 
representative to the APA, W. Edgar 
Vinacke; and representative at large 
to the executive council, Mildred C. 
Mendenhall. 

The American Academy of Dental 
Medicine will hold its annual meeting 
June 4-5 at the Statier Hotel in New 
York City. Ono feature of this year's 
program will be a symposium and 
round table discussion on psycho- 
matics. Further information can be 
obtained from Dr. William M. Groen- 
hut, National Secretary, 124 East 84th 
Street, Now York City 28. 

Deaths 

Gertrud Oppenheimer, 55, German 
chemist who had boon at the California 
Institute of Technology since 1942, 
died August 27, 1948, in an automobile 
accident. 

Ryozo Kanehira, Japanese forester 
and botanist, died in Tokyo on No¬ 
vember 27. From 1942-1945, Dr. 
Kanehira eerved as director of the 
library and herbarium at Butienzorg, 
Java, and was instrumental in making 
living conditions for the interned sci¬ 
entists more satiafactory there, Later, 
be became technical consultant in 


forestry to the Natural Resources 
Section, G.H.Q., Tokyo. 

Adolph R. Ringoen, 62, a member 
of the Department of Zoology of the 
University of Minnesota for the past 
36 years, died January 13 in Minne¬ 
apolis. 

James F. McKernon, 83, professor 
of otology, who was president of the 
New York Post-Graduate Medical 
School and Hospital for 14 of his 26 
years' service there, died January 23 
at- his New York City home. 

Tenney L, Davis, 59, professor 

emeritus of organic chemistry at M. 
I. T. and former secretary of the 
American Academy of Arts and Sci¬ 
ences, died January 25 in Nor well, 
Massachusetts- Upon retiring from 
the M. I. T, staff in 1942, Dr. Davis 
became director of scientific research 
foT the National Fireworks Company 
of Hanover, Massachusetts. 


Lithium deuteride and lithium alu¬ 
minum deuteride are now being syn 

thesized by Metal Hydrides, Inc. and 
can be purchased from this source at 
coat by research organizations having 
need for the material. Information 
regarding price and availability may 
bo secured from Metal Hydrides, Inc., 
12-24 Congress Street, Beverly, Mas¬ 
sac husetts. Blanks (AEC Form 100) 
for obtaining the necessary approval 
from the AEC will bo sent on request 
hy t-lie Company or the Isotopes Divi¬ 
sion, USAEC, P. O. Box E, Oak Ridge 
Operations, Oak Ridge, Tennessee. 

A new Lightweight film-cassette 
changer for taking storooscopic views 
of the human cheat has been developed 
for military field use by the Engi¬ 
neering Development Division of the 
Army-Navy Medical Procurement Of¬ 
fice at its Fort Totten, New York lab¬ 
oratories. The new apparatus weighs 
only 75 pounds, as compared with cur¬ 
rently available models ranging from 
370-700 pounds, and has a volume of 
only 4.6 cubic feet. Lightweight con¬ 
struction has been attained by the elim¬ 
ination of heavy counterweights ano| 
by the use of lighter metals, princi¬ 
pally aluminum. 

Veterinarian* are needed by the 
Bureau of Animal Industry of the 


U. fj. Department of Agriculture for 
work in such fields as Federal meat 
inspection and research, in the control 
of animal diseases. Graduates of 
recognized veterinary colleges who are 
interested may obtain further details 
by writing to the Bureau of Animal 
Industry, Agricultural Research Ad¬ 
ministration, U. 5. Department of 
Agriculture, Washington 25, D. C. 

A previously uncharted natural 
arch of whit* sandstone in southern 
Utah has been named Grosvenor Arch 
in honor of Gilbert GroHvenor, presi¬ 
dent of the National Geographic So¬ 
ciety, by Jack Brood, Boston naturalist 
who discovered it during his Escalante 
Expedition from Bryco Canyon last 
summer. The arch thrusts eastward 
from a massive ridge and towers 152 
feet above the volley floor. The under¬ 
side of the main arch is 139 feet high, 
but the opening is worn only part of 
the way down, being 40 feet wide and 
73 feet high. A second opening, 6 
feet high and 4 feet wide, is close to 
the top and creates a double arch 
effect. 

The Florida Academy of Science 

has completed the first 10 volumes of 
its Quarterly Journal. The Academy 
has attempted to include in the publi¬ 
cation as little on its own business and 
as much original research material as 
possible. Papers are accepted entirely 
on merit. 

Southwest Research Institute, the 
Institute of Inventive Research, and 
the Foundation of Applied Research 

have announced the following new 
appointments to their technical staffs: 
to SWRI, Charles E. Balleisen, Duf¬ 
fer B. Crawford, Dean Hawley, Mau¬ 
rice Holland, Leopoldo II. Mayoral, 
Gilbert D. McCann, Apolonio L. Mor¬ 
ales, Ray Neumann, Norman C. Pen¬ 
fold, Kenneth Shaftnn, Erwin R. 
Strong, Jr., and Judson S. Swearin¬ 
gen; to IIR, Ion Edeleanu; and to 
FAR, Wayne A. Kalenich, Travis S. 
Richardson, and Raymond Umbaugh. 

The Philadelphia Section of the 
American Chemical Society will 
sponsor two special noncredit courses 
on sulfur chemistry and on' process 
.control, each of which will be offered 
on ten successive Monday evenings, 
beginning February 21. The Section 
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has also arranged a aeries of lec^prcs 
on tlie administration of industrial 
research, which will be presented on 
Tuesday evenings. The classes will 
be open to both members and non- 
members of the Society and will be 
located in tlic Philadelphia College of 
Pharmacy and Science, 43 rd and 
Kingsessing Avenue, Philadelphia. 
Further information may be obtained 
from Dr. ,T. F. Gall, Whitemarsli Re¬ 
search Laboratories, Pennsylvania Salt 
Manufacturing Company, Wyndmoor, 
Pennsylvania. 

Fossil remains of fish and plants 

of the Upper Triaasic period (175,- 
000,000 years ago) are being oxen- 
vated near Haymarket, Virginia by 
David H. Dunkle, Smithsonian Insti¬ 
tution paleontologist. The fish, which 
presumably lived in a fresh-water lake, 
were ancient forms of bony fishes 
whose extant descendants aro the gar 
pike and the bow fin, or fresh-water 
dogfish. The ancient forms were 
hitherto poorly known in this region, 
although they are similar to those 
commonly found in rocks of compar¬ 
able age in Massachusetts, Connecti¬ 
cut, and New Jersey. 

Applications are being reviewed 

for the newly created position of Di¬ 
rector of Research and Development 
at the Engineers Research and De¬ 
velopment Laboratories, Corps of En¬ 
gineers, U. S. Army, Fort Belvoir, 
Virginia. It is open to individuals 
with at least fifteen years' experience, 
exclusive of gradunte work, ten of 
which should have been in research or 
as a research or development engineer. 
Five of the fifteen years' experience 
Bhould have been as the chief of a 
branch or department of a research 
arid development organization. The 
salary is (12,500 per year. Applica¬ 
tions may be made either in person or 
by letter to the Commanding Officer 
at the Laboratories. 

Scientific writers and medical sta¬ 
tisticians are needed at the Communi¬ 
cable Disease Center of the Public 
Health Service in Atlanta, Georgia. 
It it highly desirable that applicants 
for both types of position have ex¬ 
perience in the biological sciences. 


The positions are under federal civil 
service and salaries range from $4,- 
479.60 to $10,305.00 per year (most of 
the jobs available are at the lower 
rate of pay). Further information 
may bo obtained from S. R. Gervin, 
personnel officer at the Center. 

The Public Health Research Insti¬ 
tute of the City of New York has 
completed preliminary work toward 
setting up n laboratory for determin¬ 
ing tlio Rh factor in human blood. 
Another laboratory recently developed 
performs virus diagnosis for physicians 
free of charge. Both laboratories are 
operated by the Bureau of Laborato¬ 
ries of the Department of Health. 

Reserve commissions in the U. S. 
Army ranging from second lieutenant 
to n full colonel are available to quali¬ 
fied mathematicians and statisticians. 
Applicants must be citizens of the 
United States and between the ages 
of 21 and 55 inclusive. Full details 
of the commissioning program are 
provided in Department of the Army 
Circular No. 210, which may be 
obtained, together with application 
forma, from local Reserve Unit Head¬ 
quarters or from Organized Reserve 
Unit Instructors, or by writing to 
Army Headquarters at New York, Bal¬ 
timore, Atlanta, Chicago, Houston, or 
San Francisco. 

The first license to manufacture 
oil from coal in the Union of South 
Africa was granted to the Anglo 
Transvaal Consolidated Investment 
Company. A designed capacity of 
76,000,000 gallons of liquid fuel and 
oil a year is provided for and the 
coal will come from the deposits situ¬ 
ated in the Vredefort district of the 
Orange Free State. 

The Forest Service of the U. S. 
Department of Agriculture is study¬ 
ing means for avalanche control. Con¬ 
tinuous skiing in some areas has been 
observed to koep the snow well enough 
packed so that it is not likely to slide. 
Recent experiments at Alta, Utah, 
showed that it is also possible to 
avert a slide by setting off explosives 
in danger spots when the area is clear 
. of visitors. 


Make Plans for— 

American Mathematical Society, 

February 26, meetings in New Yoik 
City and Chicago. 

American Institute of Chemical 
Engineers, regional meeting, March 
(H>, Los Angeles, California. 

Institute of Radio Engineers, 1949 

convention, March 7-10, Hotel Com¬ 
modore and Grand Central Palace, 
Now York City. 

American Physical Society, Divi¬ 
sion of Solid State Physics, annual 

meeting, March 10-12, Hollenden Ho¬ 
tel, Cleveland, Ohio. 

Optical Society of America, win¬ 
ter meeting, March 10-12, New York 
City, 

Recently Received— 

German gas turbine developments dur¬ 
ing the period 1939-1945. British 
Intelligence Objectives Sub-Commit¬ 
tee Overall Report No. 12. Britiab 
Information Services, 30 Rockefeller 
Plaza, New York 20, N. Y. $.35. 
Fundamental education, (Bulletin 
1948 No. 13, Office of Education.) 
Washington 25, D. C.: Supt. of 
Documents, U. 8. Government Print¬ 
ing Office, 1948. $.10. 

Bulletin of the American Physical So- 
ciety, programme of the 1948 an¬ 
nual meeting at Columbia Univer¬ 
sity, January 26-29, T940. Lan¬ 
caster, Pennsylvania: Prince and 
Lemon Streets. $1,00. 

The memorial review. Published by 
the Women's Society of Memorial 
Hospital Center for Cancer and Al¬ 
lied Diseases, 444 East 68th Street, 
New York 21, N. Y. 

Report of the Chief of the Bureau of 
Entomology and Plant Quarantine! 
1948. Publication of the Agrieulr 
tural Research Administration, U. 
S. Department of Agriculture. 
Washington 25, D. C.: Supt. of 
Documents, U. 8. Government Print¬ 
ing Office, 1940. $.15. 

Further new Cambrian Bellerophont 
Gastropods by J. Brooks Knight* 
(Publ. 3951.) Washington, D. O.t 
Smithsonian Institution, 1048. 
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Science and the Maintenance of Peace 


Bart J. Bok 

Harvard College Observatory 

A T ITS MEETING IN PARIS (June 1948) the 
Committee on Science and Ita Social Rela¬ 
tions of the International Council of Scientific 
Unions voted to undertake an inquiry into some ques¬ 
tions dealing with the subject of science and the main¬ 
tenance of pence. It was decided to address the fol¬ 
lowing 1 two questions to a small but representative 
number of scientists who were known to have given 
considerable thought to the question of how scientists 
can contribute most effectively towards the mainte¬ 
nance of peace: 

(1) In which measure do the methods of interna¬ 
tional scientific work contribute to the creation of an 
international spirit and to the maintenonee of peace? 

(2) In which ways could scientific organizations 
and scientists intensify their activities for the main¬ 
tenance of pence? 

At the request of the president of the USSR, J, M. 
Burgers, of Delft, Holland, u number of these inquiries 
were distributed in the United States. The two ques¬ 
tions were also discussed at the July meeting of the 
NRC Committee on UNESCO; several members of 
this committee have submitted answers. Since these 
questions ure basic to the place of science in UNESCO, 
the NRC Committee requested the U. S. National Com¬ 
mission to devote time to discussion of these questions 
at the Panel Meeting on the Natural Sciences in 
Boston, 

About 40 requests for replies and comments were 
distributed during the summer months. The present 
report represents an attempt to digest the opinions ex¬ 
pressed in the 22 replies that have been received thus 
far. The names of those who contributed replies nnd 
their respective fields are as follows; L Amdur (chem¬ 
istry), I. S. Bowen (astrophysics), A. J, Carlson 
(physiology), R. Chambers (biology), R. E. C lei and 
(botany), K, T. Compton (physics), J. B. Conant 
(chemistry), R. W. GeTard (physiology), S. Goud- 
smit (physics), C. KJuckhobn (anthropology), S. 
Lefschetz (mathematics), W. T. Martin (mathe¬ 
matics), P. W. Merrill (astronomy), Melba Phillips 
(physics), W. 0, Roberts (astronomy), H. N. Russell 
(astronomy), M, H. Stone (mathematics), 0. Struve 
(astronomy), K. V. Thimann (biology), H, C. Urey 

Inc* rim report prepared by Dr. Bok m chairman of the 
National Rmarch Council Committee on UNESCO* Sep- 
tembor 24, 1944. 


(chemistry), M, B. Visscher (physiology), and D. 
Wolfle (psychology). 

The Sciences in UNESCO 

In the words of the preamble to the constitution of 
UNESCO, the organization was created “for the pur¬ 
pose of advancing, through the educational and scien¬ 
tific and cultural relations of the peoples of the world, 
the objectives of interimtiannl peace and of the com¬ 
mon welfare of mankind for which the United Nations 
Organization was established and which its charter 
proclaims/' 

The principal task of UNESCO is to create an in¬ 
ternational atmosphere of peace. The organization is 
charged with the responsibilities of getting the peoples 
of the world to know each other better and of assisting 
those who are now underprivileged to better their lot. 
The sciences have a place in UNESCO, not only be¬ 
cause they have a big contribution to make toward the 
achievement of a better material life, but also because 
scientists arc potentially among the most effective am¬ 
bassadors of good will. Pierre Auger, who heads the 
NuLural Sciences Department of UNESCO in Paris, 
writes in the UNESCO Courier for August 1948; 
“Scientists have always formed a world brotherhood. 
Their problems, and the solutions they sometimes find, 
nre truly human and therefore international. What 
wonderful scope for the development of collaboration 
and brotherhood between the different countries of the 
world 1 The only spadework needed for mutual un¬ 
derstanding between scientists is the mere understand¬ 
ing of the same language: if they have this, two 
botanists or two physicists from the most distant 
continents are immediately drawn together by strong 
common interests.” 

Harlow Shapley expresses himself on this same sub¬ 
ject in the concluding paragraph of his recent address 
on “The One World of Stars' 1 : “Bupranationalism 
and cooperation across national boundaries are so 
simple and effective in the sciences that we have a 
clear responsibility to lead the way into an era of 
peace and human progress without which our efforts 
for human knowledge and human comforts will have 
been in vain' 1 (Science, September 24, 1948). 

A Dioest of Answers to Question 1 

Almost all correspondents stressed the basically in¬ 
ternational character of science. Cleland expresses 
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this qs follows: "Science deals with universal phe¬ 
nomena. There is no such thing as nn English Law 
of Gravitation or an Austrian Law of Inheritance. 
Since the phenomena and laws with which scientists 
deal are universal, it is natural for scientists of all 
nations to work together in the solution of common 
problems, to disseminate their discoveries widely, to 
develop machinery by which constant international 
contact is maintained. No group in the world is more 
in the habit of maintaining cordial international rela¬ 
tions than the scientists. No group is characterized 
by a greater measure of understanding between na¬ 
tionals of different nations. Freedom from racial 
and national prejudice is the norm among scientists." 

The following direct quotations from several of our 
correspondents show that many scientists feel strongly 
that, because of the special nature of their work, they 
are in a favored position with regard to international 
collaboration: 

Bowen : International scientific work brings about 
many direct contacts between scientists of different 
nations on the basis of their science. This cannot 
help but increase the mutual understanding of each 
other’s problems and lead to the elimination of causes 
of friction. 

Conant : It seems to me quite clear that the inter¬ 
national character of science is highly important both 
for the progress of science and as part of the general 
cultural interchange so important for the maintenance 
of our civilization. 

Gerard : Science is international in all respects. Its 
content is known to all who are interested. Workers 
in all countries work together for common ends and 
build on one another’s efforts. Scientists have, in a 
real sense, a common and precise language. Individ¬ 
uals in far places know and respect each other and 
even form firm friendships at a distance. Travel to 
and work in foreign laboratories is common among 
scientists and forges lasting ties and sympathy. 

Goudsmit ; The desire and the need of the scientists 
for world-wide cooperation should be an encouraging 
example to a world that is sorely in need of the co¬ 
operative spirit. It is only by breaking down the bar¬ 
riers of dogma, mistrust, fear and secrecy, only by the 
free exchange of ideas and the widest possible dis¬ 
semination of truth, that science can continue to raise 
its level, and with it, the level of our civilization. 

Kluckhohn : Over the long run it seems to me clear 
that the methods of international scientific work do 
contribute to the creation of an international spirit 
and to the maintenance of peace. It is very difficult 
to live as a scientist and to remain a nationalist in the 
narrow sense. As one looks at the whole stream of 
human history it is evident that wider loyalties have 


developed as a result of individuals from hitherto 
separate groups discovering that they were pursuing 
the same goals and that their own interest could best 
be served by working together. 

Merrill: Science seems to be one of the very few 
areas in which international cooperation iB at present 
both practicable and useful. Here the troublesome 
questions of integrity and mutual confidence are at a 
minimum. Successful cooperation in this relatively 
easy field hiight serve the interests of peace by tend¬ 
ing to preserve or enlarge contacts between various 
nations, and by suggesting and stimulating coopera¬ 
tive experiments in more difficult areas. 

Thimann : It may often happen that a scientist's 
closest contact, from the point of view of work, is a 
man in a distant country; in scientific interests he 
may have more in common with that man than with 
any of his colleagues in his own institution. 

Struve : No one can possibly doubt that the methods 
of international scientific work contribute immensely 
to the creation of international solidarity among the 
peoples of the world and to the maintenance of peace. 
As an astronomer I am daily concerned with problems 
which not only transcend national boundaries but 
reach far out into space beyond the limits of the solar 
system and even our galaxy. I fervently believe that 
the ultimate aims of all mankind are the same and 
that the astronomers perhaps even more than other 
scientists must carry the message of world peace to 
those who have not the advantage of scientific thought. 

Visscher : A real and natural basis for friendly 
association may be easier for scientists than for per¬ 
sons in most other occupations because science is nat¬ 
urally an international enterprise, its methods are uni¬ 
versal, verbal factors are of minimal importance to it, 
and because factors of race, religion and nationality 
have nothing fundamental to do with progress in 
science. 

Wolfle: The scientists themselves in their scientific 
work are probably as free from restrictions imposed 
by national boundaries as any group in the world. 
We read each other's reports (within the knowledge 
of our linguistic abilities), draw upon each other’s 
results, combine findings, meet in international con¬ 
gresses and include representatives of other countries 
among our friends pretty much without regard to 
racial or national boundaries or differences. We 
might in a sense, therefore, serve as a model of inter¬ 
national-mindedness as long as we are unfettered by 
nonscientific controls. 

While most of our correspondents express the opin¬ 
ion that science and scientists have an important mis¬ 
sion to fulfill in fostering international collaboration, 
some warn us not to expect too much, and one aays 
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that the net result is zero. The following quotations 
are especially pertinent in this respect: 

Carlson: Science is one and is consequently inter¬ 
national. It could be rendered more international if 
scientists and science were identical. But, unfortu¬ 
nately, scientists are just human beings and do nt 
times depart from the strict path of Bcience, that is, 
do not always follow the proven facts with all the 
cards on the table face up. They do sometimes in¬ 
dulge in the common world practice of artistic lying. 

Compton: It is quite a common experience for a sci¬ 
entist in one country to feel almost intimately ac¬ 
quainted with a scientist in his field in some other 
country, even though the two may never have met. 
So far as it goes, this is all to the good, and the more 
that it can be encouraged the better. However , I 
think it is clear that scientists form too small a pro¬ 
portion of the entire population to mnke this factor 
anything more than a relatively small influence, but 
it will generally be in a good direction. 

Phillips: The internationalism intrinsic in scientific 
work does result in a community of feeling between 
scientists everywhere and is part of an “international 
spirit.” But the extension of the methods of inter¬ 
national scientific work to other aspects of interna¬ 
tional relations, while devoutly to be hoped for and 
worked toward, is not to be caught in a phrase or 
even in a solemn treatise. The ICSU is not going to 
be able to do very much about it, by itself. 

Urey : I believe that merely scientific contact of sci¬ 
entists has comparatively little to do with securing 
peace. Peace is the by-product of responsible gov¬ 
ernment, and not a by-pToduct of a discussion of the 
origin of the carbon and nitrogen atoms in uric acid 
or the discussion of cosmic rays. UNESCO is im¬ 
portant, as nre all other international organizations, 
both scientific and otherwise, for without the com¬ 
munity of interest which they establish responsible 
government cannot be established over the present 
divergent national groups of the world; but scientists 
will make a mistake if they think that their scientific 
activities are the direct way to accomplish this end. 

In the listing of achievements, our correspondents 
stress those of the past quarter-century or so made by 
the present international scientific organizations, nota¬ 
bly the unions, and they emphasize the importance of 
meetings. Almost without exception they point to the 
effectiveness of international exchanges of personnel 
at all levels. They comment favorably on interna¬ 
tional exchanges of scientific literature and on the ad¬ 
vances made in scientific abstracting. The importance 
is stressed of several projects undertaken by the Nat¬ 
ural Sciences Department of UNESCO, notably the 
establishment of the Field Science Cooperation Offices, 


the creation of the Ilylean-Amaeon Institute, the work 
on scientific reconstruction and that on the populari¬ 
zation and social implications of science. 

Roberts expresses the opinion that the methods of 
science lead to world-wide cooperation and mutual 
understanding. He writes: “A basic factor in the 
method of science, for example, is the elimination of 
personal bias from the interpretation of events of the 
surrounding world. It iB nearly impossible for sci¬ 
entists to avoid carrying over this impersonal ap¬ 
proach when they assess politics or other social en¬ 
deavor. Thus the method of science provides a way 
for men to put aside the conventional signal reac¬ 
tions, prejudices, and many of the other blocks to 
understanding things that are unfamiliar. 

“Another factor in the method of science is the 
appreciation that must come to all scientists—that the 
development of theories is always an evolutionary 
thing and never static for long. This helps men to 
understand that their social theories, like all theories, 
are in the process of gradual change—that no sole 
theory or complex of theories is sufficient for all limes 
or all places and that all systems will evolve in one 
direction or another at one rate or another—thus the 
method helps provide the flexibility of mind that is 
necessary if we are to maintain peace in a world in¬ 
habited by proponents of diverse and sometimes con¬ 
flicting social schemes. 

“Just to mention briefly one other essential feature 
of the method of Bciencc, I believe that the principle 
of freedom of inquiry which all good scientists must 
possess is a great asset in the maintenance of world 
peace. It is engrained in the spirit of scientists that 
in their progress there are no man-made absolutes, 
and that the ultimate principle by which all theories 
stand or fall is not authority, or force of will, but 
solely experiment—solely how well, how simply, and 
how usefully a given theory explains and predicts the 
various phenomena of the universe. This fundamental 
freedom is hard to reconcile with doctrinaire politics 
and impossible to reconcile with dogmatic adherence 
to particular theories of social or physical organiza¬ 
tion imposed by the dictation of a leader." 

A Digest of Replies Received to Question 2 

Natural Resources and Overpopulation. Several 
correspondents express extreme concern over the prob¬ 
lems of overpopulation and lack of natural resources 
as they bear upon the maintenance of world peace. 
Stone writes: “It is only through the applications of 
Bcience on an international basis in agriculture, in¬ 
dustry, public health and population control that a 
balance between our Limited world resources and our 
consumption can be achieved at a relatively high 
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standard of living and one of the most dangerous 
causes of aggression and war eliminated.” Lefachetz 
expresses the opinion thut the explosive growth of 
population everywhere is the principal long range 
cause for war. A elush between the United States 
and the Soviet Union (mainly due to lack of under¬ 
standing between the two sides) is, according to 
Lefiifihetz, the most important cause for war in the 
immediate future. 

Carlson writes: “The known factors thut lead to 
war are overpopulation, undernutrition, uncontrolled 
greed, and antediluvian religions and philosophies. 
We know now on the basis of science that the present 
human race is one species and that there are saner and 
better ways of meeting human food needs and con¬ 
trolling excess human reproduction than the methods 
of war.” 

Two sample quotations may suffice to show the im¬ 
portance which scientists attach to the world's natural 
resources. 

Amdur : To focus the attention on the use of science 
for conserving and developing the world’s resources 
is one of the moat effective ways for scientists and 
scientilic organizations to contribute to the mainte¬ 
nance of peace, No single cause for wars can defi¬ 
nitely be said to be the most important one, but I am 
sure that if the world's resources could be developed 
to take care of economic needs of peoples to a greater 
extent than in the past, those causes of war which are 
tied up with economic rivalries would be much less 
important. 

Cleland : Most modern wars have been brought about 
as the result of economic pressures, based on the 
Malthusian principle. Only science can remove the 
basis of these pressures. . Scientific control of popu¬ 
lation, the production of more efficient crop plants 
and domestic animals, the proper exploitation of vast 
arcus of potentially usable lund, control of soil erosion, 
development of irrigation and other projects designed 
to increase arable land, the discovery of new sources 
of energy—these are activities which will remove the 
chief cause of war. Without such activities, no 
amount of talk or education will achieve lasting 
peace. 

UNESCO’s activities in connection with the forth¬ 
coming United Nations Scientific Conference on the 
Conservation and Utilisation of Resources are wholly 
in line with the above suggestions, us are the attempts 
to assist in the formation of an international union 
for the protection of nature. 

International Unions and Congresses. The major¬ 
ity of our correspondents, notably Bowen, Cleland, 
Conant, Compton, Martin, Phillips, Roberts, Russell, 
Struve, Thimann, Visscher, and Wolfle, attach a great 


importance for the future to continued support of the 
work of the international scientific unions, and they 
urge holding frequent international scientific con¬ 
gresses. 

Cooperative Research. A number of correspondents 
point to the importance of cooperative research proj¬ 
ects with scientists as individuals, or institutions, from 
two or more nations collaborating. The following 
sample quotation shows that scientists would welcome 
the establishment of international laboratories and 
observatories under United Nations auspices: 

Merrill : International laboratories might be estab¬ 
lished for intensive research on the great health prob¬ 
lems of mankind, for example, cancer, arthritic dis¬ 
eases, the common cold. A large cooperative astro¬ 
nomical observatory in the Southern Hemisphere 
might be considered. Possibly an improved world 
calendar could be advocated. 

Exchanges , Fellowships and Scientific Missions. 
Martin lists as one of the most important activities 
the “wide exchange of scientists and scientific students 
on a visiting basis with travel and passport regula¬ 
tions as simple and flexible as possible.” This same 
thought is expressed clearly by Cleland who writes: 
“We must enlarge as much as possible existing pro¬ 
grams for the exchange of students. Nothing can be 
more effective in bringing about mutual understanding 
than giving large numbers of students the opportunity 
to study in other lands and to become acquainted with 
other peoples at the time in life when they are still 
plastic and impressionable. The more students can 
experience a satisfying experience abroad, the more 
nearly will we approach the goal of mutual sympathy 
and understanding.” 

An interesting suggestion is made by Thimann: 
“Without doubt one important way in which the inter¬ 
national spirit of science could be increased and given 
more impetus is by increasing the personal contacts 
among scientists of the world. The exchange of per¬ 
sonnel that now goes on, while very useful, influences 
only a very small fraction of the men involved. We 
need a very much greater exchange of personnel in the 
form of visiting lectureships and travelling fellow¬ 
ships. These should not be mere tours of inspection 
but should involve actual residence for not less than a 
term or perhaps a year. They should involve not only 
university staff and students but men working foT 
Government and industry. Travelling fellowships for 
industrial scientists would be particularly useful. 

“Towards the close of the 19th century it became 
very common for biologists and chemists of England 
and America to gt> to Germany for graduate work and 
to take their doctorates there. Arrangements of this 
kind involving a really large fraction of the total aci- 
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entitle men Are needed. Practically every scientist 
should^ by age 30, have spent at least a year studying 
abroad.’ 7 

Gerard and Visscher, who have both participated 
in the medical mission organized by the Unitarian 
Service Committee, stress the importance of inter¬ 
national scientific missions organized with the spe¬ 
cific aim of aiding und assisting the scientists and 
the population of the region. Roberta points to the 
need of simplifying the movement of scientists acrosB 
national boundaries. He writes: “Every effort should 
be made to simplify the passport and visa require¬ 
ments lo give scientists freer access to all countries. 
If the many-times-proposed plan for the issuance of 
‘UNESCO passports' could be worked out so that 
people currying these passports could have free access 
to all UNESCO countries, it would be a great step in 
the right direction.” 

On the same subject Stone writes: ‘'Scientists and 
their organizations can contribute to the maintenance 
of peace by working to break down artificial barriers 
to communications, travel, and cooperative endeavor 
which seriously obstruct the development of world 
science in all its aspects, including its application to 
some of mankind's most pressing problems.” 

Popularisation and Social Implications of Science. 
The principal recommendation made by Carlson is the 
following: “More factual scientific education and un¬ 
derstanding of the populations in all lands would 
greatly diminish the drives or needs for win. In my 
judgment and experience, this phase of education on 
an international scale is primarily a social responsi¬ 
bility of the scientists.” 

Amdur expresses the opinion that continued pop¬ 
ular education in the field of atomic energy is needed. 
Gerard feels that a big opportunity is being lost since 
we are not stressing to a greater extent the populari¬ 
zation of the use of the scientific method and since we 
are not attempting to introduce this attitude early in 
the formal education of our children. 

Gerard and Visscher urge the fullest support of the 
social sciences. We quote them ns follows: 

Viascher: The scientific method can and must be 
applied to the greatest problems of human life, the 
problems raised by peoples having to live with one 
another on a single planet made small by the advances 
in the physical sciences. All prior attempts to create 
conditions conducive to peace have failed. Man must 
be allowed to use the constructive power of the scien¬ 
tific method in this sphere. This method is not a tool 
of infinite utility f but, until its usefulness in this area 
has been exhaustively tested, no one has grounds for 
rejecting it. The survival of the human race as a 
whole is in jeopardy today. 


Gerard : The social sciences are still feeble and 
groping, and mental ones hardly less so, and many 
maintain that human problems must remain extra- 
scientific. Most scientists are convinced otherwise; 
and this position at least has the merit of inviting 
rather than dissuading effort. Other modes of thought 
and feeling have been tried and have failed to achieve 
harmony among men. The mode of science--rational 
extrapolation from reliable knowledge, subjected* to 
operational test—may also fail, but it surely deserves 
its trial. This is, indeed, also the avowed mode of 
democratic government and is being approached, how¬ 
ever slowly, in actuality. 

Publications and Abstracting Services. General 
approval is expressed of UNESCO's activities in the 
field of abstracting and international scientific publi¬ 
cations. Chambers expresses the belief that “an in¬ 
ternational spirit in scientific work would be greatly 
aided by the establishment of more active interna¬ 
tional polyglot (English-French-German-Jtulian) sci¬ 
entific journals.” Struve makes the following sug¬ 
gestion: “It would be important to stimulate a more 
active exchange of scientific publications and develop 
a system whereby scientific articles by American work¬ 
ers limy be published abroad whi.e papers by foreign 
authors may appear in American journals. Difficul¬ 
ties of exchange now make it impossible for European 
institutions to pay the cost of publication in America, 
but an exchange of publications might well remove 
this difficulty.” 

The Twilight Area# of Culture. Cleland writes: 
“Scientists in the more advanced countries should do 
everything possible to encourage science in the less 
favored areas, by training increasing numbers of 
foreign students, by consenting to serve as visiting 
professors or as members of commissions sent to other 
countries to encourage and assist in developing their 
scientific, programs, by acting as consultants in the 
solution of nutritional, medical or other problems con¬ 
fronting the scientists of other countries, by taking 
uri active interest in the international scientific unions, 
by lending support to all international scientific 
agencies, by contribution toward the rehabilitation of 
devastated laboratories and libraries, and any other 
way possible.” 

Stone-. Scientists and their organizations cun con¬ 
tinually and .vigorously urge the need for so organ¬ 
izing education in all countries that a sufficient num¬ 
ber of adequately trained scientists will be available 
to each national group in its attempt to share in the 
benefits conferred by science. 

Phillips urges that special attention should be given 
to the encouragement of scientific growth in backward 
countries. She points further to the continued need 
for activities in the field of rehabilitation of science 
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in war-devastated countries. It appears Lhnt the ma¬ 
jority of our correspondents is agreed that UNESCO's 
Field Science Cooperation Offices fill a distinct need 
and that UNESCO has done very useful work through 
its program of scientific rehabilitation. 

Concluding Observations 

Scientists and Citizens. Cornpton writes: “I hap¬ 
pen to be one who feels that the responsibilities of 
scientists are* just like the responsibilities of any other 
group of citizens when it comes to the matter of re¬ 
sponsibility for peace. I do not believe that it is 
feasible or, in the long run, safe for scientists to at¬ 
tempt to exert their own controls on the products of 
their work. They are but one of the contributors to 
our intellectual and economic strength and it is the 
impact of the population as a whole that has the pre¬ 
dominating control, in my judgment.” 

Russell agrees with this view and writes as follows; 
"The problem of maintaining peace is so deeply en¬ 
tangled with many sincere differences of social and 
political belief that, in my judgment, it would be un¬ 
wise for scientific organizations, as such, to endorse 
any particular programs. It is better for individual 
scientists to act as citizens, in cooperation with others 
who hold similar convictions.” 

In a letter bearing on the subject Bowen writes: 
"Projects should be planned primarily from the stand¬ 
point of the advancement of science involved in the 
most effective manner. If the scientific standpoint is 
made secondary to deliberate peace propaganda, the 
whole program will become political in nature and 
very little will be accomplished either in the advance¬ 
ment of science or of peace.” 

A remark by Roberts deserves to be quoted at this 
point: "I feel that it is actually far more important 
for them to join their effbrts in a genuinely important 
scientific problem than it is for them to try to bridge 
the political chasms that exist by any direct action.” 

The Iron Curtain. Most correspondents refer in 
one way or another to the urgent need of lifting the 
"iron curtain,” which separates the East from the 
West. The astronomers quote several instances in 
which the iron curtain has been pierced in recent years 
through sincere efforts from scientists on both sides. 
But the curtain admittedly becomes more real every 
day. Some are quite pessimistic, Conawt, for ex¬ 
ample, writes: "It is hardly possible for the scientists 
as such to affect the practices of certain countries in 
which freedom of travel is highly restricted and which 
more and more appear to be using academic men as 
propagandists of special views of essentially a politi¬ 
cal nature. Perhaps patience and continued en¬ 
deavors to promote international exchange along old- 
fashioned lines is all that we can hope, for in these 
troubled times. I am a firm believer that better days 


will sometime dawn and as times improve, the chances 
of having international scientific meetings with their 
old spirit may also improve.” , 

Others feel that the time for action is by no means 
over. The following two quotations take this point 
of view: 

Struve : Unrelenting efforts should be made to re¬ 
move from the field of science the present division of 
countries on two sides of the "iron curtain.” In par¬ 
ticular, efforts should be continued to bring about a 
more active participation in scientific organizations of 
the scientists of Russia and of countries in the Rus¬ 
sian orbit. That such efforts can be successful has 
been strikingly demonstrated by the invitation recently 
confirmed to hold the 1951 International Astronomi¬ 
cal Union in Leningrad. 

Thimann : The second most important step forward 
will be taken when free exchange not only of men 
hut even of publications and research results takes 
place with the Soviet Union. The present tendency 
of Soviet journals to omit presentation of summaries 
in English, French or German represents a serious 
loss of the international spirit. Free correspondence 
with Soviet scientists is also necessary. If it were 
possible to extend the exchange of personnel men¬ 
tioned above to the Soviet Union, even in small part, 
this would be perhaps the most important activity 
which scientists could undertake for the maintenance 
of pence, 

KLuckhohn fears that scientists will be able to in¬ 
fluence only to a very slight degree the various gov¬ 
ernmental interferences with the freedom of movement 
across national boundaries and the freedom of ex¬ 
pression. He writes, however: "It is all too true at 
the moment that certain individuals in certain coun¬ 
tries label even the most detached of natural science 
enquiries in accord with competing ideologies. How¬ 
ever, I cannot but feel that this is only a temporary 
phase which cannot endure. The deepest loyalty of 
the scientist is inevitably to the facts of nature which 
know no ideological boundaries.” 

Science Fosters Teace Rather Than War. Non- 
scientists frequently charge that modem science is 
basically destructive. Vigorous objections against this 
point of view are voiced by our correspondents. 

Cleland : The impression that science fosters war 
rather than peace is based upon a misconception of 
the activity of scientists and of the breadth of the 
field of science. Many nonseientists have a myopic 
view of science, being impressed with the effectiveness 
of physics and chemistry in the late war and for¬ 
getting the many sciences whose fields contribute only 
to the arts of peace; forgetting also the fact that the 
major activities of physicists and chemists have al¬ 
ways been devoted to the building of a richer civiliza- 
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tion. Their efforts have only incidentally been di¬ 
rected toward wartime objectives, and only unwillingly 
and under stress of emergency. No gToup is more 
conscious of the disastrous possibilities of war in the 
atomic age than the scientists themselves. No group 
has been as vocal as the nuclear physicists in con¬ 
demning war and in supporting efforts to achieve 
world-wide cooperation. 

In discussing the biological sciences Gerard writes: 
“The biological sciences, however, have also reached 
the stage of expanding application, and life expect¬ 
ancy is rising precipitously. The X-ray alone saved 
more lives than were lost in World War I, and who 
can doubt that antibiotics will far more generously 
cover the losses of World War II. Such facts are 
not dramatized and are little known. Indeed, science 
has, with the exception of a few devoted scientists, 
preferred an esoteric status and has insulated itself 
from its society. This must be radically altered.” 

Founds to Fight for Peace. Roberts adds new em¬ 
phasis to a suggestion that has been made several 
times in the past. We reproduce his comments here 
withouL further remarks: “Another thing which has 
been discussed many times, and which to me appears 
to possess great merit, is the proposal that some spe¬ 
cific percentage of all funds expended for purposes 
of national military defense be expended in specifi¬ 
cally peacetime and humanitarian activities. The de¬ 
tails of the administration of such a program have 
been discussed by a number of people, and I feel that 
several satisfactory and workable plans have been 
offered. One of the best of these, to my way of 
thinking, is the establishment of an actual cabinet 
post and entire government department for these func¬ 
tions and activities. The benefits and findings of this 
department should, I believe, be made freely available 
throughout the world, without regard to nationalism, 
without regard to politics or prejudices. Perhaps 
this is a bit visionary and utopian, but to me it seems 
immensely sound." 

Ultimate Aims . Several correspondents allude to 
the ultimate aims toward which the work for world 


peace must lead. Urey sees this in the establishment 
of world government. He writes as follows: “In at¬ 
tacking a large scientific problem, we all go back to 
fundamental principles, and we face our problems 
fairly and squarely. If they involve very difficult 
things, we nevertheless recognize that our problems 
are difficult and do not try to solve major problems 
by following up aide issues or the minor fringes. The 
problem of securing peace is the greatest that hu¬ 
manity has ever faced, and scientists will do Lheir best 
in furthering this problem if they frankly recognize 
the fundamental problem, namely, world government, 
and speak those words firmly and fearlessly whenever 
the question is introduced. Without this there is no 
hope anyway." 

Several correspondents point to the value of world* 
wide cooperation in science as an example for similar 
cooperation in other fields: 

Goudsmit ; Not until the world realizes that world¬ 
wide cooperation is necessary, not only for the prog¬ 
ress of science but for the progress of all phases of 
civilization, can we hope for lasting peace. As science 
iB only a small fraction of human endeavor, its in¬ 
fluence is not large enough to promote this coopera¬ 
tion beyond its own boundaries. Scientific organiza¬ 
tions can, however, make known to the world the 
benefits they derive from such cooperation. 

Stone : International cooperation in science gives . 
valuable experience and training in the conduct of 
activities directed to a high purpose above purely 
nationalistic considerations, and can point the way 
for similar enterprises undertaken to solve the com¬ 
mon problems of nations. 

Perhaps the attitude of science is summarized best 
in the following cautious words of Wolfle: “It is a 
matter of hope rather than one of history that the 
increasing knowledge of the world, improved com¬ 
munications and transportation of goods, and raised 
standards of living can minimize the causes of war by 
reducing needs of aggression. The hope is, however, 
one that is worth mentioning and worth establishing 
as a goal for our political thinking.” 
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Sir D’Arcy Wentworth Thompson, C.B., F.R.S. (1860-1948) 

Robert Chambers, New York University 


S IR D'ARCY WENTWORTH THOMPSON, one 
of the greatest academic figures in biological 
science, was a true naturalist with a wide range 
of intellectual interests and attainments. A Greek 
scholar, he possessed a unique sense of the classics, 
which he brought into his interpretations of contem¬ 
porary scientific thought. 

Biologists of past generations mastered much of 
the knowledge of their times in all known fields of 
the natural sciences. With the passage of time each 
of these fields has been so greatly developed that spe¬ 
cialization. has been the inevitable result, and biolo¬ 
gists, along with other scientists, have become largely 
specialists. Sir D’Arcy belonged to neither cate¬ 
gory, encyclopedist or specialist. His strength lay 
in his attention to broad, simple principles developed 
through extensive knowledge of ancient and modern 
philosophical thought. His was an integrated outlook, 
based on broad understanding of these principles and 
appreciation of mathematics with its precision, and 
nature with its greatly varied phenomena. 

Thompson, born in Edinburgh, Scotland, May 2, 
1860, was the grandson of a shipmaster of Maryport, 
Cumberland, England. His father, also D’Arcy 
Wentworth, was born at sea off the coast of Van 
Dieman’s Land, attended Pembroke College, Cam¬ 
bridge, and became classical master at the Edinburgh 
Academy and afterwards professor of Greek at 
Queen's College, Dundee. The father was alive to 
social and educational problems of the day. His lib¬ 
eral ideas are expressed in his books, written in a 
whimsical and fascinating, style: Daydreams of a 
schoolmaster (1864), and Wayside thoughts: being a 
series of desultory essays on education (1868). The 
latter covers the subject matter of his twelve Lowell 
Institute Lectures, delivered in Boston during the 
season of 1807-68. In these lectures he also paid 
tribute to the New World for having done so much 
for women’s rightB. 

His mother, Fanny Gamgee, belonged to a family 
distinguished in science and in medicine. Privileged 
in having such a background, the son in addition 
showed an intense love of nature from his early boy¬ 
hood throughout his life. His preliminary studies 
were at Edinburgh Academy, a school long famous 
for the brilliant scholars it turned out. At the age 
of 17 he matriculated as a medical student at the Uni¬ 
versity of Edinburgh. There he came under the in¬ 
fluence of Sir Wyville Thompson, who had lately re¬ 
turned from the Challenger Expedition. At the age 


of 19 D’Arcy Thompson published a couple of papers 
on hydroid taxonomy nnd on a Pleistocene fossil seal. 
After two years in Edinburgh he obtained a classical 
scholarship which took him to Trinity College, Cam¬ 
bridge. There hie inclinations towards zoology were 
furthered by his contacts with F. M. Balfour nnd 
Michael Foster, who were then laying the foundations 
of the modern Cambridge School of Biology. For a 
year he served as demonstrator in Michael Foster’s 
laboratory of physiology. While at Cambridge lie 
translated II. Muller’s work on the fertilization of 
flowers, which was published with an introduction by 
Darwin. Concerning this D’Arcy Thompson wrote: 
"Charles Darwin’s preface, full of suggestion, full of 
kindly appreciative feeling, is of peculiar interest ns 
one of the very last of his w’riting9.” In 1884, a I the 
curly age of 24, he was appointed professor of biology 
in the recently founded University College in Dundee. 
In 1897 the College was united with the University of 
St. Andrews and he became a member of the Senate. 
Latpr, he was appointed to the senior chair of natural 
history in the United College of St. Salvator nnd 
St. Leonard, St. Andrews, Scotland. His tenure of 
the chairs at Dundee and at St. Andrews had ex¬ 
tended for 64 years when he died at the age of 88. 

In 1890 and 1897 Sir D’Arcy went to the Bering 
Sea as a member of the British-American inquiry into 
the fur seal fishery, and represented Britain in the 
international conference on the subject at Washing¬ 
ton. For these services he received the title of Com¬ 
panion of the Bath in ]89S. He was one of the Brit¬ 
ish representatives on the International Council l'or 
the Study of the Sea from its beginning in 1902, and 
he edited and contributed largely to the Scottish sec¬ 
tion of its reports. He also wrote many papers on 
fishery statistics and oceanography in the Scientific 
Investigations of the Scottish Fishery Board from 
1913 to 1931, 

In 1908 he published a short paper in Nature on 
"The Shapes of Eggs and the Causes which Determine 
Them.” This was the first published intimation of a 
line of inquiry that had long engaged his thought and 

on which he had accumulated masses of notes. 

* 

His book On growth and form appeared in 1917. 
This immediately attracted attention both because of its 
novel approach and because of its mass of illustrative 
material gathered from ancient and modern writers. 
In his own words: "The road of physicomathematical 
or dynamical investigation in morphology has found 
few to follow it ; but the pathway is old. The way of 
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the old Ionian physicians, of Anaxagoras, of Empedo¬ 
cles and his disciples in the dhya before Aristotle, lay 
just by that highway side. It was Galileo's and Bo- 
rolli’s way; and Harvey’s way, when he discovered the 
circulation of the blood. It was little trodden for 
long afterwards, but once in a while Swammerdam and 
Reaumur passed thereby. And of later years Moseley 
and Meyer, Berthold, Errera and Roux have been 
among the little band of travelers. We need nol 
wonder if the way be hard to follow, and if these 
wayfarers have yet gathered little. A harvest has 
been reaped by others, und the gleaning of the grapes 
is slow. . . . Morphology is not only a study of ma¬ 
terial things, but has its dynamical aspect, under which 
we deal with the interpretation, in terms of force, of 
the operations of Energy. And here it is well worth 
while to remark that, in dealing with the fonts of em¬ 
bryology or the phenomena of inheritance, the common 
language of the books seems to deal too much with 
the material elements concerned, as the causes of de¬ 
velopment, of variation or of hereditary transmission. 
Matter os such produces nothing, changes nothing, 
does nothing; and however convenient it may after¬ 
wards be to abbreviate our nomenclature and our de¬ 
scriptions, we must most carefully realise in the outset 
that the spermatozoon, the nucleus, the chromosomes 
or the germ-plasma can never act as matter alone, but 
only as seats of energy and as centres of force.” 

The central theme of the book ih nn enquiry into 
how far the form und structure of living things can 
be interpreted in terms of physical forces acting 
within the lifetime of an organism. This method of 
approach of causal morphology is to be distinguished 
from the historical morphology which was the almost 
exclusive study of the preceding period. 

At the insistence of many friends he published in 
1942 his second much enlarged edition (1110 pp. 
Cambridge University Press and the Macmillan Com¬ 
pany) in which he emphasizes “the twofold problem 
of accumulated inheritance and of perfect structural 
adaptation [which] confronts us and passes all un¬ 
derstanding.” Dorothy Wrinch, who knew D’Arcy 
Thompson well, says, in her review of the book in 
Isis : 1 “One experiences, page by page, the feelings of 
a guest at a banquet of learning and insight, of knowl¬ 
edge and feeling. Those who wish to add to our fun¬ 
damental understanding of biological structures must 
arm themselves with weapons from other sciences, yet 
at the same time develop to its highest pitch a proper 
feeling for biological materials. As we feed ourselves 
at this table groaning with good things, we see that 
one biologist at least accomplishes this/* 

A striking testimony to the influence of this book 

1 Dorothy Wrinch, T$l&, 1942-48, 34, 232. B«e also (9. 
Evelyn Hutch in Bon, American Sclents f, 39, G77 ; FtvU- 

erltk S. Hammntt, J. Hervd., 1943, 84, S3. 


is given in a volume of “Essays on Growth and Form 
presented to D’Arcy Wentworth Thompson” edited by 
W. E. LeGros Clark and P. B. Medawar, published 
by the Clarendon Press in 1945. In this volume is 
included his bibliography. 

Sir D’Arcy's classic leanings are expressed in his 
studies on the natural history of the ancient world. 
His Glossary of Greek birds appeared in 1895 and a 
second edition in 1930; his translation of Aristotle's 
Historia animalium was published in 1910 and his 
Glossary of Greek fishes in 1945. One of his invalu¬ 
able services was as a member of a staff for the re¬ 
vision of Liddell und Scott’s Greek-English Lexicon 
(Clarendon Press). 

Concerning his glossaries Sir D'Arcy states: "Many 
old bird names and fish names are recorded by Italian 
scholars from the rich dialects of Italy, and new light 
is thrown thereby on obscure Greek and Latin; but 
tile dialects of Modern Greece are still all but un¬ 
known. Some day, scholars will explore, to our great 
advantage, the common speech and folk-lore of the 
bird-market of! Athens and the Ash-market of the 
Piraeus, and ol all the islands and all the provinces 
of Greece. 

"Many a Greek word or hero name was foreign to 
Aryan speech. The merchant and mariner had 
brought strange words home from overseas; and many 
a beast and bird and hill and river had kept its pre- 
Hellenic name, harking back it might be to the name¬ 
less and forgotten language which was spoken by the 
Gods.” 

A brilliant essay is his "Science and the Classics,” 
delivered as his presidential address to the Classical 
Association, Cardiff, and published in Nature, May 26, 
1929. Its allusions open up a wealth of beauty and 
appreciation by showing the significance of the terms 
used for objects of nature in their relations to stories 
in prose and poetry of the ancient writers. 

His quest was not so much a thirst for knowledge 
as for the thrill of revealing beauty. The following 
is quoted from the last paragraph of his address: 
"Whether we be taught science or the classics in our 
boyhood is not the last word of all. But whichever 
of the twain it be, let us so learn it as to live it, and 
so love it that we may love it to the end. Science and 
the classics—both alike continually enlarge our curi¬ 
osity, and multiply our inlets to happiness.” 

His writings and speeches are rich with literary 
allusions and their volume attests to his fertile mind 
and breadth of knowledge. John L. Myers onee asked 
him concerning the Homeric description of the death 
struggle of Nestor’s chariot horse which Jupiter 
caused to be struok through the forehead by" the arrow 
of a thunderbolt. The reply was immediate: “The 
arrow had grazed the cerebellum.and the Convulsive 
(Continued on page lSl.) 
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The Path of Carbon in Photosynthesis 

IV: The Identity and Sequence of the Intermediates 

in Sucrose Synthesis 1 

M. Calvin and A. A. Benson 

Radiation Laboratory and Department of Chemistry, 

University of California, Berkeley 


T he ideal design of an experiment 

to determine the chemical path of carbon from 
carbon dioxide to the variety of plant con¬ 
stituents is relatively simple and straightforward. It 
would consist of feeding a photosynthesizing organism 
radioactive carbon dioxide for various lengths of time 
and stopping the reaction by killing the plant. By 
determining those compounds into which the radio¬ 
active carbon has been incorporated for each period 
of illumination and, further, by determining the dis¬ 
tribution of radioactivity within each compound, these 
data could then be used to construct a family of curves 
depicting the increase in radioactivity in each com¬ 
pound (and in each carbon atom of each compound) 
as a function of time. From a complete set of such 
curvtiB it should be possible to draw a map of the path 
of carbon as it flows into the plant in the form of 
carbon dioxide and distributes itself among all the 
plant constituents. 

A few such experiments have already been reported 
(1-4, 6). The present paper reports some further 
experiments toward this end with specific reference 
to the synthesis of sucrose. 

The data are in the form of radioautographs of 
paper chromatograms made from the extracts of algae 
which have been photosynthesizing for several dif¬ 
ferent periods of time, as well as one showing the dark 
fixation after a preliminary period of illumination in 
the absence of carbon dioxide. 

Exposure of algae to : One-day-old Chlorella 

pyrenoidosa cells were grown under continuous culture 
conditions (tf) and harvested immediately before use. 
A suspension of 1 cc of packed cells in 70 nil of water 
containing fumarate buffer (3.5 mg fumaric acid plus 
.032 meq sodium hydroxide) was allowed to photosyn¬ 
thesis® for 30 minuteB with 4% carbon dioxide in air. 
This gas mixture was then displaced by rapid flushing 
with air during 5 minutes. A solution of 40 no of 
NaHC l4 0 a (.0143 mmol) in 0.20 ml was rapidly in- 

1 This paper Is baaed on work performed under Contract 
No. W-740fl-Hnf-46 with the Atomic Energy Commission In 
connexion with the Radiation Laboratory, University of 
California. Berkeley. 


jected into the suspension. The vessel was shnken 
vigorously in the light beams (2x17,000 lux) unlil 
the aJgne were killed by opening an 8-nun stopcock 
and allowing the solution to flow into a beaker con¬ 
taining 500 ml of boiling absolute ethanol. The alco¬ 
hol suspension was filtered with celite and evaporated 
at room temperature to a volume of 2 cc for convenient 
application on the filter paper sheet. 

Preparation of chromatograms : Fumarate buffer in 
distilled water was chosen for this work, since in¬ 
organic salts, especially phosphates, interfere with 
movement of compounds on the paper. Alcohol ex¬ 
tract of ns much qb 100 mm 3 of nlgae may be applied 
to the filter paper (Whatman No. 1). Development 
in water-saturated phenol was followed by thorough 
drying at room temperature. The second solvent whs 
freshly prepared before use from equal volumes of 
the following solutions: 

(A) 1,246 cc n-butnnol—94 cc water 
(B) 620 cc propionic acid—790 cc water 2 
In order to choose a suitable exposure time for the 
X-ray film (Eastman No Screen, 14"xl7") the ac¬ 
tivity of the original spot is determined on the paper. 
With the number of compounds appearing in a 90- 
second photosynthesis, an activity of 30,000 cpm is 
sufficient to expose the film in 4B hours. 

Although the radioactive fixation products which 
have been separated in the chromatogram may be 
eluted and their activity determined accurately, the 
radiogram serves as a semiquantitative record of the 
activity fixed in each compound. The relative amounts 
of each active product may be compared visually in 
the radioautograph. 8 

An examination of the radiograms reveals thnt in 
the very short photosynthetic experiments (30 seconds 
and 90 seconds) by far the major portion of the newly 
reduced carbon dioxide is found in the phospho- 

1 The solvent la adjusted to separate Into two phases if 
cooled two degrees below the temperature at which It ie used. 

■The details of the methods of Identification of the spots 
will be published elsewhere. ("The Path of Carbon Jn Photo¬ 
synthesis. V. Paper Chromatography and Radloautogrsphy 
of the Products” by A. A. Benson, J. A. Bass bam, M. Calvin, 
V, A. Haas, and W. Stepka.) 
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glyceric acids, triose phosphates and the hexose phos¬ 
phates. This may be taken as additional confirmatory 
evidence of our previously proposed (4) scheme by 
which the six-carbon hexose skeleton is synthesized 
through the usual glycolytic intermediates. The de¬ 
tails of the path by which the phosphoglyceric acid is 
formed and the relative rates of the several reactions 
involved in its conversion to hexose phosphate will be 
treated in subsequent publications. 


What we would like to point out here is the fact 
that the first free carbohydrate which appears in these 
plants is sucrose. The positions taken on the chro¬ 
matogram by free glucose and free fructose are known 
and they do not contain radioactivity. The nonap- 
pearancc of radioactivity in a given compound does 
not necessarily preclude the possibility of its playing 
n part as an intermediate in a given sequence. For ex¬ 
ample, the reservoir of this compound in the sequence 



C 14 Uadi (Kin am b of 80% Ethanol Kxtuacts of Alcaic 1 '* 

A: IB-sec dark fixation by Chlorella which had been prelUumlnated tor IS min In helium. D: 5-sec photoeynthetlc fixation 
by Chlorella. C: 80-Bec photoflyntbetlc fixation by Chlorella. D: DO-sec photoeynthetlc fixation by Chlorella (10% of the 
activity fixed la Insoluble In 80% ethanol). D: 5-min photo synthetic fixation by Chlorella* (60% of the activity fixed Is 
insoluble In 80% ethanol). F: 8-sec photoeynthetlc fixation by Bcentdeemue* 


1 The term “radiogram" Is used here to denote the radioautograph of a two-dimensional paper chromatogram/ 

■The abbreviations need in labeling the radiograms IndloHte the following compounds: POA, phosphoglyoertc acid; G-l, 
glncose-l-pbosphate; 04, gincose-fi-phosphate; F-0, fructose-6-phosphate; p-MALIC, malic acid (position dependent on pH), 
■Dotted circles Indicate the positions of fructose and glucose which are not radioactive. - 

4 Aspartic acid, encircled In the radiogram, was Identified by nlnhydrln spraying and has a small amount of radioactivity. 
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may be extremely small, or the compound may never 
exist as a free compound in solution but rather only 
as an enzyme-subBtrftte complex, so that the amount 
ul radioactivity present in that particular compound 
may be so small as to be missed. Conversely, the ap¬ 
pearance of radioactivity in a particular compound 
does not necessarily prove its part as an intermediate 
in a direct sequence. It can be, and often is, the result 
of a side reaction. 

It does not seem likely that, if free glucose or free 
fructose were intermediates in the synthesis of sucrose, 
they would fail to appear radioactive either prior to 
the appearance of radioactive sucrose or simulta¬ 
neously with it, as is the case in tbe present experi¬ 
ments. We are, therefore, led to suggest that the im¬ 
mediate precursors to 9Ucrosc are two hexose phos¬ 
phates. That one of them is glucose-l-pbosphate can 
be taken ns relatively certain in view of the large 
amount of radioactivity found in this compound, as 
well as its demonstrated participation in sucrose syn¬ 
thesis by an isolated enzymatic system (5). If the 
other is fructose-6-phosphate, which has also been 
identified among the radioactive compounds in the 
early chromatograms, one might expect a sucrose 
phosphate in which the phosphorus is attached to the 
fructose fragment as the intermediate just prior to 
the formation of free sucrose. Although it is not re¬ 
quired that this intermediate be found, since dephos- 
phorylation may take place simultaneously with the 
condensation to sucrose, there are still a number of 
unidentified spots in the chromatograms, one of which 
might well be a sucrose phosphate. 

That the fructose phosphates are formed prior to 
the glucose derivatives is suggested by the fact that 
the fructose half of the sucrose formed in 30-second 
photosynthesis by Chlortilla has approximately twice 
the specific radioactivity of the glucose half. This 


was determined by cutting out the sucrose spot from a 
chromatogram of the total extract, eluting it from the 
paper, hydrolyzing for 10 minutes in 0.1 N HC1 at 
80° C and rechromatographing the hydrolysate after 
cold evaporation to dryness to remove the HC1. The 
sucrose formed in 90-second photosynthesis by the 
same organism is made up of glucose and fructose of 
equal specific activities (within 5%). This result re¬ 
quires thnt the functioning reservoirs of precursor 
hexose phosphates be so small as to achieve equal 
specific activities in 90 seconds. 

Additional evidence for the size of the functioning 
reservoirs and the speed of turnover may be obtained 
from a knowledge of the molar specific activity of a 
compound relative to that of the fed carbon dioxide. 
One case in which this may readily be determined is 
that of alanine. Its position on the paper can be 
defined with reference to the radiogram. The spot is 
theu eluted and the activity determined by counting 
an aliquot. The alanine content of the remaining 
solution is then determined colorimetricnlly. When 
this is done, the following very approximate values 
are obtained for the molar specific activity related to 
that of the starting carbon dioxide for various times 
of photosynthesis by Chlorella ; 5 seconds, ~~ .04; 15 
seconds, ~ .1; 90 seconds, — .9; and 5 minutes, — 3. 
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TECHNICAL PAPERS 


Underwater Listening to the White 
Porpoise (Delphinapterus leucas) 

William E. Schavill 

Museum of Comparative Zoology, Harvard College, 
and Woods Hole Oceanographic Institution 1 

Barbara Lawrence 2 

Museum of Comparative Zoology, Harvard College 

Recent developments in under water acoustics have led 
to considerable speculation ou the sounds made by 
cetaceans. Exclusive of those incidental to breathing or 
splashing at the sea surface, there is a variety of sounds 
which several species are known to make habitually while 
submerged- Published accounts allude to such sounds 
as USurd through the air, but there seems to be no record 
of what can be heard by listening in the whales' own 
medium. 

To learn more of the extent to which particular 
cetaceans do make underwater noises and how they sound 
under natural conditions on underwater listening appa¬ 
ratus, we wished to find an area where n single species 
was plentiful enough to be observed and listened to for 
relatively long periods. The white whale or porpoise, 
Delphinapterus leucas (Pallas), suggestively nicknamed 
"sea canary" (.1, £), seemed a promising subject and 
was known to occur in large numbers in the St. Lawrence 
estuary. As suggested by Vladykov ’b recent comprehen¬ 
sive works ( 10 , 11 ) on this species, we found a good con¬ 
centration in the lower Saguenay River in Quebec. The 
white porpoises were remarkably numerous, passing up 
and down the river in groups of various sizes throughout 
the day, so that we were able to listen to thorn for hours 
at a time, while watching them through field binoculars. 
Furthermore, no other cetaceanB were observed there, 
although the little piked whale, Balacnoptcra aauto- 
rostrata Lactfp&do, was seen in the St. Lawrence River 
a few miles away. 

Our listening gear (a conventional underwater micro¬ 
phone, or hydrophone, with an amplifier) enabled us to 
hear over a frequency band between somewhat less jthan 
500 and 10,000 cycles/sec, well within the normal human 
audible range. Strong currents, shoals, tide Tips, and 
traffic in the St. Lawrence contributed to a noise back¬ 
ground sufficiently high to interfere with our hearing. 

1 Contribution No. 400 from the Wmills Hole Oceanographic 
Institution, 

■Tke authors are Indebted to officials of the Province of 
Quebec, especially to Dr. Vrtdlm-D. Vladykov, of the Depart¬ 
ment of Marine Fisheries, for cordial advice and assistance, 
to Ur. Charles Frdmont, General Superintendent of Game 
and Fisheries, and to Dr. Robert LflgneuJr for his hospitality 
at the Tadonaaac Flab Hatchery- 


In the lower Hngucnny the deep water (over 100 fathoms) 
and our good fortune in having little wind gave us the 
quiet essential for good listening, although there were 
two intervals with strong gusts of wind when the waves 
drowned out the sounds made by Delphinapterus nearby. 

We found the water remarkably free of animal noise 
except when Delphinapterus were within range. When¬ 
ever we saw them we heard a variety of sounds which 
would become louder ns the porpoises were seen coming 
around a bend in the river and would die away as they 
passed out of sight. Hut for the two occasions of lough 
water, we never sighted them without hearing them, and 
rarely heard them without seeing them, except after dark. 

The noises which we thus ascribed to Delphinapterus 
were heard as high-pitched resonant, whistles and squeals, 
varied with ticking and clucking sounds slightly reminis¬ 
cent of a string orchestra tuning up, as well ns mewing 
and occasional chirps. Home of the sounds were bell-like, 
and a few rather resembled nn echo sounder. Occasion¬ 
ally the culls would suggest a crowd of children shouting 
in the distance. At times there were sharp reports, some¬ 
what like a blow 7 with u split bat or a slap ou the water, 
although nothing could be seen to be striking the water 
in any way; perhaps this was jaw snapping, as reported 
for Tursiops by McBride (8, p. 25; 9, p. 112). On two 
occasions we heard trilling, which quite justified the name 
"sea cnnnry." This description is given with some dif¬ 
fidence in view of the notorious difficulty of adequately 
describing unfamiliar sounds. We hope to make phono¬ 
graphic recordings at another opportunity. 

It is to be emphasized that all these sounds were made 
under water. We heard them only through the hydro 
phone, which was at depths of 60 to 90 feet; the por¬ 
poises were never nearer than about 200 yards, and often 
over two miles away. Mostly they passed along the far 
side of the river in their usual series of short dives (5-10 
seconds’ submergence, perhaps 50 feet of horizontal pro¬ 
gression), but sometimes they would make unusually long 
dives (up to about half a mile) apparently to avoid us; 
in either case their calls continued uninterrupted. Axel 
Olsen and Leopold Boulianne, of Tadoussac, Province of 
Quebec, who accompanied us, said that they had previ¬ 
ously heard whistles when Delphinapterus passed directly 
beneath their canoe, but that they had never heard such 
a variety of sounds as they now did over the underwater 
gear. Similarly, the underwater sounds heard by earlier 
authors (Fisher, 6, 4 ; Kane, 6\ Nielsen, £; and others, 
summarized by Vladykov, 10, pp, 121-124) may be recog¬ 
nized among the list of those we heard, although no 
single listener seems to have heard them all, perhaps 
because they were handicapped by listening through the 
air instead of through the water alone. 
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Since fish noises predominate in other regions, it seems 
strange that none were identified here, except for those 
caused by their biting and pulling at the hydrophone. 
It is possible that some of the sounds might be of fish 
origin, but it is significant that only the bites were 
detected in the absence of Delphinapterus. 

Particularly striking is the great variety of Delphi¬ 
napterus sounds mid their rapid and apparently continu¬ 
ous succession. This loquaciousness contrasts markedly 
with most terrestrial herd mammals and compares with 
such chatterboxes as monkeys and men. Among the 
Cetacea it would appear not to be limited to Delphinap - 
terns, as is indicated by the continuity of related but less 
varied sounds heard by one of us in the presence of dif¬ 
ferent porpoises in the open Atlantic, as well as those 
pn phonograph records at the Woods Hole Ooeanographie 
Institution which are believed to be of porpoises. The 
considerable difference between the sounds we heard in 
the presence of Delphinapterus and the less spectacular 
ones associated with Velphinvs (Kulleiiberg, 7 ; Fraser, 
J), Tursiops (McBride, S, p. 19; 9, pp. 112-113), and 
other pelagic forms encourages us to hope that these 
underwater calls may be sufficiently characteristic to be 
helpful in distinguishing cetaceans at, sea. Such listem- 
ing probably will have to be carried into the supersonic 
range. 

Only toothed whaleB (Odontoceti) have figured in the 
reports so far encountered. It would be of interest to 
learn of any authenticated instances of hearing under¬ 
water sounds from baleen whales. Among these, our ex¬ 
perience with listening apparatus is limited to the soli¬ 
tary individuals of Balaenoptera amito-TOstrata mentioned 
earlier; we distinguished no underwater sounds even when 
a whale was within 300 yards. 
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Colorimetric Estimation of Succinic 
Dehydrogenase by Triphenyltetrazolium 
Chloride 1 

Erneat Kun and L. G. Abood 

Department of Pharmacology, University of Chicago 

Methylene blue or other redox dyes are extensively 
used as indicators of dehydrogenases. Enzyme activities 
are frequently defined by the anaerobic decolorization 
time of a redox dye, but photometric estimation of the 
decolorization can be carried out in special Thunberg 
tubes only if the reaction mixture is not very turbid (J). 
It was found in our laboratory that triphenyltetrazolium 
chloride is u suitable indicator of the succinie dehydro¬ 
genase activity of tissue homogenates. The advantages 
of this technique are that the system does not require 
anaerobic conditions and that the onzyme activity can be 



Fia. 1. Straight line relationship between the amount 
of reduced tetrazollum salt (formozan) and optical den¬ 
sity (log lo/U). 


Tissue homogenates in tho presence of succinate in a 
buffered (pH 7.4) medium reduce the colorless tetra- 
zolium salt to a red water-insoluble formoun. The 
formozan (£) can bo easily dissolved in acetone, which, 
by precipitating tissue proteins, leaves a clear super¬ 
natant ready for colorimetric measurement. Under given 
conditions, in the absence of succinate the tissue homo¬ 
genates tested do not reduce the tetiraaolium salt eacept 
under strongly alkaline conditions. 

If this principle is applied, the colorimetric determina¬ 
tion of succinic dehydrogenase can be carried out ac¬ 
cording to the following procedure: Into 15-ml calibrated 
centrifuge tubes are pipetted 0.5 ml of 0.1 M phosphate 
buffer (pH 7.4), 0,5 ml of 0.9 M sodium succinate, 1.0 ml 
of 10% tissue homogenate 0.1 to 1.0 ml of homogen- 

i This Investigation was supported by ■ grant from the 
Office of Naval Research, NBOB 1-20, Task Order #11. 
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nte, depending on the enzyme content, made to 1.0 ml 
with distilled water), and lastly 1.0 ml of freshly pre¬ 
pared 0.1% triphonyltctruzolium chloride solution. After 
shaking, the tubes are placed in a constant temperature 
bath at 38° C for a period of 15 to 30 min, Immediately 
after removal of the tubes from the bath, 7 ml of acetone 
are added and the tubes are stoppered and shaken vigor¬ 
ously. The precipitate is then centrifuged, and the clear 
supernatants are drawn off for the determination of 
optical density. The color is stable for several hours 
and can be measured by the Klett photometer using a 
420 filter. There is a linear correlation between the 
amount of dye and optical density (log I 0 /I,) in the 
range between 20 and 300 p,g. To obtain a calibration 
curve, varying amounts (20 to 300 fxg) of tetrazolium 
suit are reduced by a few crystals of sodium hydro sulfite 
in the system as described (Fig. 1). Furthermore, the 
amount of dye measured by optical density is a linear 
function of the amount of enzvmo present (Fig. 2). The 



Fia. 2. Straight line correlation between the amount of 
enzyme (rat liver homogenate) and the amount of re¬ 
duced tetrazolium salt, as measured by optical density. 
Time of Incubation, 10 min; temperature, 88' C. 

rate of reduction of the dye gives a curve resembling 
that of most enzymatic reactions. During the first 30 
to 40 minutes the curve is approximately linear. Under 
anaerobic conditions (nitrogen) the rate of reaction is 
initially greater, while tending to decrease more rapidly 
(Fig, 3). 

In view of these findings it is quite simple to determine 
quantitatively the succinic dehydrogenase activity of 
tissue homogenates. The enzyme activity of various tis¬ 
sues may be expressed in terms of miorograms of dye 
reduced in 10 minutes by 1 milligram of tissue; however, 
it is necessary to take Into account the unequal adsorption 
of the dye by equivalent amounts of different tissues. 
Consequently, two controls are run with the unknown; the 


first contains no succinate and serves as a tissue blank, 
while the second also contains no succinate but a 



Fig. a. Comparison between the rate of reduction of 
the tetrnzoHum salt by Q.2B ml of 10% rat liver homoge¬ 
nate under aerobic and anaerobic (Nb) conditions. 


given amount, viz., 100 of the tetrazolium chloride 
which is reduced by sodium hydrosulfite. The latteT is 
the reference standard for a specific tissue. The experi¬ 
mental tube contains all the constituents. Typical ex¬ 
perimental data obtained with 10% homogenates of rat 
kidney, liver, brain, heart, and testis are presented in 
Table 1. 

This method can be used in the study of enzyme in¬ 
hibitors. Bodium m&lonate (0.5 ml of 0.1 M solution) 


TAIiLE 1 


Tissue 

pg of dye reduced/ 
mg or tissue*/10 min 

Kidney . 

. 1.72 

Liver . 

. l.flfl 

Brain . 

. 1.00 

Heart muscle. 

. 0.7IJ 

Testis . 

. 0.48 


* Wet weight. 


produces a 75% inhibition of the succinic dehydrogenase 
activity of rat lfrer homogenate (0.5 ml of 10% homogen¬ 
ate); ethyl urethane (0,0 ml of 2% solution),'40% in¬ 
hibition. Cyanide (1%) on the other hand causae nu 
Inhibition, Triphenyltetrazolium chloride does not inter¬ 
fere with succinate oxidation by tissue homogenates either 
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in the ftbwnee or in the presence of added cytochrome C, 
as measured in the Warburg apparatus ( 1). 
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Determination of Radioactive Content of 
Rocks by Means of Geiger-Miiller Counters 

A. Sxalay and Eve Csongor 

Institute of Physics, University of Debrecen, 

Debrecen , Hssngmry 

Geiger-Miiller counters arc widely used in the search 
for radioactive substances, but their use for immediate 
quantitative determination has not been elaborated. 
During a survey of the Valence Mountains in Hungary 
we have developed a direct approximating method. 

Brass G-M counters of the self-quenching type (45 
mm in diameter, 88 mm in length and 1.8 mm in wall 
thickness), filled with 100 mm argon and 10 mm alco¬ 
hol vapor, were used in connection with all battery am¬ 
plifiers. The soft components of the y-rndiation were 
absorbed by a 2 mm-lead shield. In this way only the 
known penetrating Y' com P onGn t 8 of the known radio 
active bodies (uranium, thorium, their decay products, 
and potassium) could reach the counter. 

In most cases the counter was placed touching the rock 
wall to be investigated, but in one instance, we drove 
a bore, 5 cm in diameter and 50 cm deep, into the granite 
wall and placed the counter within. The counting rate 
(number of impulses/min) was determined and compared 
with the counting rate of the cosmic radiation, the last 
amounting to 40/min. We subtracted this value from the 
observed total counting rate, and divided the remaining 
rock-activity counting rate by this factor. We observed 
that the counting rate was about 6 times higher in the 
bore and 2-3 times higher immediately at the wall than 
the cosmic radiation. The activity of the rocks can be 
expressed approximately by this factor, and thiB kind of 
expression Is, within some limits, independent of the 
counter dimensions. It can be used for comparison of 
measurements made by various brass counters. However, 
It is not independent of the material of the counter, 
because the y-sensitivUy °f a G-M counter depends upon 
the atomic weight of Its substance. As is known, the 
intensity of the cosmic radiation depends upon the geo¬ 
graphical latitude. In this case it amounted to about 1 
impulse/min - cm 1 of maximum square area of the counter 
(length x diameter). 

The observed y-radiation of rooks may originate from 
K, U, and Th, and their decay products in equilibrium. 


ThC", RaB + C nnd K are the sources of the hard y-radi- 
ntionn, which affect the counter under such conditions. 
Softer components may have a minor part only, for they 
are absorbed by the lead shield, and the sensitivity of 
u brass counter is small for soft y-rays. 

Now it must be realized, that the direct determination 
of the proportion of the existing radioactive substances 
to each other in the rock is hardly possible with a G-M 
counter without any chemical separation. It is possible, 
however, to determine the total radioactivity of the rocks 
expressing it.in Tli-y-equivalents, as measured by a brass 
G-M counter behind a 2-mm lead shield.' We achieved it 
in the following way: It iB possible to calculate the total 
amount of the hard y-radiation that reaches the counter 
from the surrounding rock substance. In Fig. I we linvo 


-t + + + ^ 



Flo. L. Determination of Th nnd U concentration In 
rocks by a G-M counter tube. 


taken the center of our coordinate system as the middle 
of the counter in the bore. (The counter may be re¬ 
garded ntf small in comparison with the surrounding rock 
masses.) A small volume, dv , of the rock containing 
c g-Th-equivalents of radioactive substance/cm" rock, will 
send a penetrating y-radiation from r distance to the 
counter, giving the counting rate, dJ. It is obvious that 
dJ = cAdv/r", where A is the sensitivity of the given 
counter, that is, the rate of counting when 1 g Th (in 
radioactive equilibrium) is placed 1 cm from the counter. 
Now we must take Into acoount the self-absorption of 
the y-radiation within the rock substance itself. The 
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y-quanta traverse the distance r in rock and not in space, 
thus the counting rate is diminished by a factor of e-u r , 
where p is the absorption coefficient, expressed in cm- 1 , 
For simplicity of calculation of the volume clement, dv, 
wc choose the spherical shell of radius r; the thickness 
of it being dr: dv = 4nr*dr. Taking the self-absorption 
into account, the counting rate is 
JT cA4jit‘V dr 

dJ =-- 4.rccAe dr. 

r* 

We take the integral over the infinite space filled with 
rock and obtain the total counting rate: 

j=l^. 

We are actually interested in the concentration c, which 
is expressed here in g/cm a . It is more usual to express it 
c' in (?/g °f rock, if p is the specific density of the Tuck 
in g/cm. B 

c ,_ - _ 

P 

The absorption coefficient above is expressed in cm 1 nn<l 
refers to the rock substance. It can be determined ex¬ 
perimentally by using n known amount (about 10-50 g) 
of old Th-compound, or wo enn calculate it reliably, know¬ 
ing its value in lead, p,,, b = 0.46 cm 1 (with 2 mm of lead). 
By dividing it by the specific density of lead we obtain 
the so-called mnBB-nbsorption coefficient; multiplying this 
by the density of tho rock, we obtain the absorption co¬ 
efficient in the rork 


If the absorption coefficient in lead is substituted, the 
formula takes a simpler form, in which the specific den¬ 
sity of tho xock does not play any Tole: 

c , _ _jirbJ 
4 ji11.3A 

The counter sensitivity, A, was determined experi¬ 
mentally by placing 10 g of old ThO„ at 30 cm distance 
from the center of the counter. For our brass counter 


its value was 4.8 - 10* impulses/g of Th miu. 

We calibrated the same counter in IT-equivalents as 
well, using instead of U, about 0.01 me of radium in 
radioactive equilibrium. As the penetrating y-radiation 
originates from RaB and RaC, the y-radiations of the 
decay products between U and Ra can be neglected (1 g 
of Ra is equivalent to 3 ■ 10* g of U in radioactive equi¬ 
librium). The value for prb is known to be 0.53 cm- 1 in 
lead. We obtained a value for A of 9.3 -10 8 impulses/ 
min ■ g of IT at 1 cm distance from the given counter. 

As can be seen, the estimation gave for the Th-U equi¬ 
valent a value of 1,9, that is, 1.9 g of Th gives, in this 
brass counter, the same rate of counting as 1 g U (in 
radioactive equilibrium with their decay products). 

The method outlined above was checked experimentally 
by our measurements on a granite wall near the village 
of Veleuco in Hungary. We obtained, with the counter 
in the bore, 12 - 1<H g-Th-equivalents/g of granite for 
the total concentration of the radioactive bodies. Careful 
laboratory tests were Carried out later on a sample taken 


from the Bainc granite wall. It was dissolved completely 
and the equilibrium of radon and thoron content deter¬ 
mined separately, by means of an ionization emanometer. 
These measurements yielded 4.2 - 10g of Th and 
0.87 ■ 10 J g of V/g of granite. The granite of these 
mountains contains about 3.9% K as determined by A. 
Vendl (5). The K-U equivalent was determined by F. 
Bchounek (I) and more recently by E. Oleditsch and T. 
Graf (£). The y radiation of K is equivalent to 4.10* g 
of IT/g of K. Expressing the IT and K content of tlie 
granite i in Tli-equivalenta, wc obtain good agreement nf 
the two entirely different methods of determination. The 
difference lies in the fact that the counter given a mean 
value for the concentration within a sphere of n diameter 
of about 60 cm surrounding the bore, but the emrmo- 
irietric measurements indicate the activity of the dis¬ 
solved sample to bp about 4 g of granite. 

Now in a practical search for rndioactive content, 
higher concentrations must be considered. The K con¬ 
tent can be neglected. Any commercial G-M counter tube 
can be calibrated in the way outlined above by the use 
of about 10 g of old Th compound and/or about 0.01 me, 
calibrated Rn source in equilibrium. With a brass coun 
ter, not differing too much from the dimensions above, 
calibration is not essential. One may uhp our calibration, 
expressed by the approximate numerical formula: 

c-_-24 10 -- 

4jiLL>4.8-10*'11.3 LD 

where c is the concentration ill g-Th-equivalents/g of 

rock; J f the counting rate (in min); L the length; and 

D the diameter (in cin) of the brass cathode of the 

counter tube. Similarly, we obtain the concentration in 

g-U-equivalents/g of rock by the approximate numerical 

formula : 



If the measurements are made without use of the bore, 
the counter is put as near as possible to the wall, and 
there is a loss of 50% or more in the counting rate, de¬ 
pending upon the geometry. The accuracy is reduced by 
the fact that the geometry is not so well defined as in the 
case of the bore, but the formula can bo used, approxi¬ 
mately, by multiplying the counting rate by a correction 
factor of about 2-2,2. 

Further, the use of the following roughly approximat¬ 
ing simple rule may be suggested for uranium explorers 
when extended territories must be surveyed within a short 
time: If a G-M counter of any commercial dimensions, 
shielded by 2 mm of lead, is placed against the rock wall 
and the observed counting rate (minus cosmic radiation) 
is x times the rate of cosmic radiation for the same 
counter, then the average U concentration in the rock is 
x times 25 g U/mefcric ton {1,000 kg) of rock. 
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An Ostreodynamometer for Studying the Ac¬ 
tivities Inside the Shell of Bivalve Mollusks 1 

H. Malcolm Owen 

Department of Wild Life and fisheries, New Orleans 
Charles R. Maduell, Jr. 

Delta Electronic Equipment Company, New Orleans 
Robert M. Ingle, Jr. 

Department of Wild Life and fisheries , New Orleans 

In conducting investigations on the effects of industrial 
pollution on oysters,, it was considered necessary to 
develop an instrument capable of detecting movements 
within the shell without interfering with an oyster’s 
normal activities. 

The ideal method of recording cardiac, pericnrdial, 
visceral, or branchial activity should continuously yield 
data on the influence of chomical agents on the nature 
of activity in various tissues and organa. Thus, several 
indices could be established and compared to the activi¬ 
ties occurring in a normal sea water environment. 

The instrument which we have devised (Fig. 1) records 
such activities electrically. Shell movements are recorded 
synchronously by a mechanical system. The principle 
involves the application of the carrier system of elec¬ 
tronic amplification to direct recording, as used in strain- 
gage techniques. The key to the method is the specially 



Fia. 1. The ostreodyiianuiUieter In working position. 
Power supply and amplifier (left) : pickup device and salt¬ 
water distribution tanks (rlghL). 


devised pickup by which the imperceptible movements of 
n probe can unbalance a Wheatstone bridge. 

Prior to the actual operation of the instrument, a small 
hole (1.5 mm) is carefully drilled through the valve of 

1 This Instrument Is being used at the laboratory of the 
U. S. Fish and Wildlife Service, Pensacola, Florida, In space 
allocated to the State of Louisiana for the purpose of con¬ 
ducting Independent Investigations. 


the oyster eH the approximate position of the organ to be 
studied. The oyster itf then allowed to recover until the 
thin pronacreoiis membrane has been formed. A natural 



membrane is thus utilized for the transmission of organ 
pulsations, e.g. cardiac, to a counterbalanced probe rest¬ 
ing on the membrane. 

Tlio pickup mechanism in operation is shown in Fig. 2. 
The probe consists of an aluminum rod to which is at¬ 
tached u 10-mm fragment of silica steel and which, in 
turn, iB counterbalanced by a simple lever. The steel 
fragment is inserted midway between the core of the 
detectoT coils and is equal in length to the thickness of 
one coil. 

Two 6,000-ohm coils, adjacently connected, serve as the 
basis for the detection of kinetic activity. The fragment 
of Bteel transmits the mechanical movements of the probe. 
The coils &Td connected in a conventional Wheatstone 
bridge circuit in such a manner that, as the impedance 
of one increases, the Impedance of the other decreases. 
The over-all current in the bridge circuit is thus held 
constant at the generator position, but variations in 
voltage are present at the detector. Since the impedance 
of each coil varies with the position of the probe, its 
fluctuations caused by the organ pulsations are converted 
Into corresponding fluctuations of impedance. Since the 
current through the coils is constant, in accordance with 
Ohm's law, there is a fluctuation in voltage at the output 
of the bridge. This variation in voltage is proportional 
to the amount of movement of the probe. 

Because the coils are adjacently connected, they cancel 
out stray magnetic interference and changes in impedance 
caused by variations in temperature. 
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A well-regulated power supply and a 1,000-cyele oscil- 
lntor are constructed on one ehaflttiB; n second chassis con¬ 
tains the amplifier and the detecting system. The power 
supply itself is a conventional full-wave unit with choke 
input filtering, anti-jitter type of voltage regulator, a 
Wein bridge-typo oscillator, and a singlo-tube buffer am¬ 
plifier, coupled to the input position of the Wheatstone 
bridge. Tlie output of the bridge is connected to the 
input of a threo-atage voltage amplifier, with a degenera¬ 
tive type of step gain control. This degeneration control 
serves to regulate tlio amount of deflection on the record¬ 
ing pens per kinetic unit of the bivalve. The voltage at 
the input of the amplifiers consists of a 1,000-cycle 1 * am¬ 
plitude modulated' 5 audio note, with its amplitude vary¬ 
ing in proportion to the internal movements of the 
oyster. Amplitude variations are removed by simple 
detection with dry disk rectifiers, whose output is suffi¬ 
cient to operate the recorder. 

The recorders are tho Eaterlina-Angus type with mul¬ 
tiple ranges of 1, 5, and 10 ma. At these values the 
recorder requires a 2-v emf, This is derived from tlic 



Fui. 3. An oslreadynagrnph. The oyster shell 1 b open. 
Total time of sample record, 3 min. 


detector through the final tube of the power amplifier. 
In series with the recorder is the monitor meter which is 
used to balance the bridge and bring the output to a 
value within the range of tho recorder. 

In operation, the probe and coils are adjusted to fit 
the individual oyster (Fig. 2). The probe is adjusted 
so that tho balance is slightly in favor of that part rest¬ 
ing cm the prennereous membrane. The sensitivity of tho 
pickup mechanism permits detection of slight rotational 
movements as well as the vertical movements of the probe. 

The pen of the recorder can be controlled by the bal¬ 
ance unit on the amplifier, allowing a base line to be set 
in any position. The amplitude of the recording can be 
regulated by varying tlie feedback in the amplifier ot by 
varying the milliamperage range of tho recorder. The 
bridge is operated slightly off balance so that the entire 
motion of a particular organ can bo recorded without 
distortion (Fig. 3). 

Thia instrument has been named an ostreodynamomoter 
(ostreo—oyster; dynamometer-measurement of force). 
The records obtained are OBtreodynagrapliH.* 

■Name suggested by S. R. M. Reynolds, et al. Srfenre, 
1047 , 100, 427 . 


The range of applications of the ostreodynamometer 
will have to be determined by use. Various types of 
strain gages, capillary columns, resistance pickups, or 
any conversion clement changing to electrical impedance, 
can bo substituted for the detector coils. 

Its value at the present time lies in the fact that for 
the first time the encumbrances of the shells have been 
circumvented, making it possible to Btudy the physio¬ 
logical processes of mollnsks with a minimum of injury. 

A detailed report of the construction of this unit, in¬ 
cluding wiring diagrams nnd drawings, will be made in 
another journal. 

The Osmotic Activities of Sodium Penicillins 
F, G, K, and X 1 

C. G. Lund and K. Pedenen-B jergaard 

Laboratory of Zoo physiology, Copenhagen University, 
Bispebjerg Hospital, Copenhagen 

By means of surface tension measurements in 1947 
Hauser, Philips and Philips (2) found that solutions of 
sodium penicillin G have a high capillary activity, a fact 
which led them to believe that such solutions are colloidal 
sols and not true solutions. Woodbury and Rosonblum, 
however, (7), have made conductivity measurements over 
a range of concentrations of sodium penicillin G and 
found that the salt behaves as a completely dissociated 
electrolyte of the 1:1 valence type, with possible devia¬ 
tions due to ion Biae and interactions. In 1948 Kumbler 
and Alpcu (4), employing both du Noiiy'a precision 
tensiometer and the capillary rise method, carried out 
surface tension measurements on aqueous solutions of 
crystalline sodium penicillin G and crystalline potassium 
penicillin G and found that solutions of penicillin G have 
a surface tension differing only little from that of water. 
Therefore, the solutions must be true solutions and not 
colloidal boIb, 

In the following we (shall give an nceouut of some ex¬ 
periments on the osmotic activity of penicillin solutions 



Fm. 1. Freezing point depression In “C (abscissa) ; 
concentration In 0.1 per cent (ordLnate). 


using relative vapor-pressure measurements, in order to 
throw more light on tho subject by means of a third 
method of measurement, in addition to the two referred 

1 We wish to express our gratitude to the Antibiotic Study 
flection of the National Institutes of Health, TJ. B. Public 
Health Service, for the supply of crystalline penicillins F, 
G, K, and X used In these studies. 
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tu above. In 1946 we examined the osmotic activity of 
the commercial penicillin preparations then obtainable! 
varying widely as they did in purity; pure sodium peni¬ 
cillin O was not available to us at that time (£). We 


capable of being enclosed in a email metal container! the 
walls of which are covered with filter paper. 

For taking a measurement a small drop of the solu¬ 
tion to be tested is placed in one eye and a similar drop 



Freezing point depression in *C 


Fin. 2. Freezing point depression of aqueous solutions of sodium penicillins F, Q, K, and X, 


had no doubt that a solution of sodium penicillin must, ba 
a true solution Tat her than a sol and would consequently 
have measurable osmotic activity. Some relative vapor- 
pressure measurements of pure crystalline sodium peni¬ 
cillins F, G, K p and X were made as follows. 

For determining the relative vapor pressure of the solu¬ 
tions we employed B aides' (1) modification of the method 
described by Hill (tf). The apparatus consisted of a 
thermoelement with two small eye-shaped solderings 


of a standard solution in the other; the filter paper on 
the wall is also moistened with the standard solution. 
For the standard solution we take whichever concentra¬ 
tion of a series of sodium chloride solutions (0-0,5, 1.0, 
1.5 to 15.0%) is presumed to have a vapor pressure of 
the same order as that of the solution to be tested. The 
thermoelement is then placed in a Dewar flask with water, 
to ensure that the measurements can proceed at a con¬ 
stant temperature, and connected with a sensitive gal- 





February 11, 1949, Vol. 109 


SCIENCE 


151 


vanoscope. If the two drops represent solutions of dif¬ 
ferent osmotic pressures, evaporation from the drops will 
differ. That having the lower osmotic pressure will evap¬ 
orate more rapidly and thus become cooler than the other. 
The difference in the temperatures will generate a ther¬ 
moelectric force which will register on the galvanoscope. 
By these measurements we then find the two successive 
standard solutions between which the vapor pressure of 
the test solution lies, and, with the aid of the registra¬ 
tion values, we can by interpolation calculate the sodium 
chloride concentration that gives the same vnpor pressure 
as the test solution. From this concentration, by employ¬ 
ing the relation between sodium chloride concentration 
mid freezing point depression (see Fig. 1) previously 
described (ff), we can find the freezing point depression 
which the particular solution would give. The uncer¬ 
tainty in this determination is about + 5%. 

From the sodium salts of the peiioiHins we prepared 
aqueous solutions with 6.25-30.0 mg/m] solution. 

In Fig. 2 the results found experimentally and con¬ 
verted to freezing point depressions are plotted as small 
circles. The continuous curves in the figure are drawn 
by transferring point by point the straight lines connect¬ 
ing the circles in a double logarithmic coordinate system 
to the arciform curves seen in tho arithmetic system em¬ 
ployed in Fig. 2. The relation between the concentration 
and the molar freezing point depression, calculated by 
Baoult’s law, is shown in stippled curves. 

The osmotic coefficients for 0.05 molar solutions of 


sodium penicillins F, G, K and X are as follows; F, Q.0B; 
G, 0.94; K, 0.88; and X, 0.97. It will be seen that the 
osmotic coefficients for poncillins F, G, and X amount to 
0.94-0.98, which corresponds to that for a 0.05 molar 
solution of sodium chloride. In a 0.05 molar aqueous 
solution of sodium penicillin K the osmotic coefficient is 
lower, 0.88, corresponding to the osmotic coefficient in r 
0.05 molar solution of lobcline-hydrochloride. The low 
osmotic coefficient shown by the K penicillin is possibly 
due to the long heptyl chain in this molecule. 

Not only the high value found for the osmotic coeffi¬ 
cient, but also tlu* fact that the osmotic coefficients of the 
sodium penicillins aro of the same order as other dis¬ 
sociated electrolytes of the 1: I valence type in similar 
concentrations, shows that these arc true solutions. 
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(Continued from page 139.) 

movements of the limbs, causing the horse to roll over 
and over, were precisely those which are to be ob¬ 
served in the death struggle of a rabbit shot through 
the cerebellum," 

D'Arcy Thompson was made Companion of the 
Bath in 1898 during Queen Victoria’s reign, elected to 
llie Royal Society in 1910, created knight in 1937. 
He received the degrees of D.Litt. (Cambridge), Hon. 
D.Sc. (Dublin and Witwaterstrand) and LL.D. (Ab¬ 
erdeen and Edinburgh). He was vice president 
(1931-38) and president (1934-39) of the Royal So¬ 
ciety of Edinburgh. He was awarded the DaTwin 
Medal in 1946, He was foreign correspondent and 
honorary member of a number of learned societies, 

One spring morning in Paris, walking on the 
crowded boulevard, I heard my name called and brw 
n towering figure with massive sculptured head and 
long flowing beard, dart out from the tables of a side¬ 
walk cafe. He greeted my wife, seized our hands, 
nnd pushed us into chairs. Seated opposite us, Sir 
D’ATcy, with no further ceremony, began to read to 
its a funeral oration that he was working onl 

HU last visit to this country was in 1936 on the 
occasion of his delivering six Lowell Institute Lec¬ 
tures in Boston, 79 years after his father had been 
invited to the same Institute. The subject matter of 


Sir D’Arcv's lectures is included in his book on 
Growth and Form. On his leaving New* York for 
Scotland 1 went to see him off and found him on board 
with Leo Hendrik Baekeland, of Columbia University, 
the inventor of Bakelile. During the conversation, 
Professor Baekeland, who was 74 years of age at the 
time and only 3 years younger than Sir D’Arcy, re¬ 
marked on my callow youthfulness in the presence of 
two septuagenarians. Sir D’Arcy, gazing at the mag¬ 
nificent panorama of New York from the Jersey shore 
said: “My hope is that I shall die young I” 

Happily, he maintained his “youth” and at the age 
of 86 accepted an invitation to be one of four dele¬ 
gates to the Indian Scientific Congress in Delhi, He 
had been extremely well and was full of enthusiasm 
at the thought of ten days in Egypt before flying to 
India. But on his return the wear and tear of the 
journey had so depleted his strength that he was un¬ 
able to recuperate from a protracted siege of pneu¬ 
monia. He died June 21, 1948. 

Sir D’Arcy was a man bf the world, at home every¬ 
where and with all conditions of people. He was a 
man of deep conservatism but with a quality of de¬ 
lightfully disarming revolt against the conventions. 
He held an inexhaustible sense of humor with touches 
of the oratorical, and was always an interesting com¬ 
panion and a solid friend. 
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Book Reviews 


Radioactive indicators'. their application in biochemistry , 

animal pbysiology t and pathology* George Heveay. 

New York-London: Interacicuce, 1948. Pp. ivi + 556. 

(Illustrated.) $10.00. 

The first application of tracer methods in biological 
research was made by Prof. Hevesy in 1923. With this 
book Prof. Ilevesey—whose achievements ns both initiator 
and foremost exponent of the use of tracer methods in 
many aspects of physiology and biochemistry were recog¬ 
nized in 1943 with the award of the Nobel Prize in 
chemistry—hn« marked the 2nth anniversary nf his father¬ 
ing of tracer methodology. The subject matter is 
organized meticulously to cover tracer researches in 
animal physiology, biochemistry and pathology and is 
presented with characteristic lucidity. It has been an¬ 
nounced that a volume dealing with plant physiology is 
in preparation. 

Topics treated moat thoroughly relate to the interest of 
Heveay and his collaborators in investigations of -whole* 
organisms. There is an amazingly complete coverage of 
literature dealing with absorption, retention, turnover, 
and excretion of various metabolites, particularly those 
involving the mineral components phosphorus, iodine, and 
iron, Much data previously available only in journals 
difficult to obtain are made easily accessible for tho first 
time. 

The mere inclusion of such a wealth of material (over 
900 references are cited) lias involved an enormous 
amount of work, since no small fraction of the data 
undoubtedly required considerable reworking for adequate 
treatment. Insofar as is possible, an integrated pre¬ 
sentation of these data has been undertaken. Extensive 
treatment of the fundamental concepts involved in tracer 
work, however, has not been possible. Tlie overall result 
is a volume with an appearance perhaps more of a com¬ 
pendium or reference than a text. In any ease Dr. Hevesy 
has performed an extremely important service in bringing 
a measure of order into the chaos of literature dealing 
with tracer researches on absorption and turnover. 

The merits of this treatise might be enhanced by a few 
shifts in emphasis. Thus, although detailed descriptions 
of mechanical devices, such as those used for automatic 
counting, are provided, fundamental phenomena and con¬ 
siderations relating to functioning of assay instrumenta¬ 
tion are accorded either brief or only passing mention, 
For example, the correction for nonlinearity of response 
of a G-M counter at high counting rates is remarked 
only in one brief sentence in small print (p. 52). The 
statistical nature of G-M counter determinations is 
treated in a single page. The discussions of various 
formulas relating to turnover calculations should also 
have been extended, 

There is evidence of very careful proofreading. Gram¬ 
matical errors, as well as errors in references cited, are 
surprisingly few for a first edition. Tables and figures 


are clearly reproduced. An added feature is the inclusion 
of an isotope chart ub compiled by E. Begr&. 

Mahtin D. Kamkn 

Washington University 

Pulte generators, G. Glaflo and J- V. Lebacqz, (Eds.) 

New York-Londnn: McGraw-Hill, 1948. Pp, xiv -|- 741. 

(Illustrated.) $9.00. 

This book is volume 5 of the excellent MIT Radiation 
Laboratory Series of 28 volumes describing railur and 
radar techniques. While the title is probably reasonably 
apt for those who have not been in the radar field, most 
rudur workers would have chosen " Magnetron Modula¬ 
tors'' as a title. Virtually every tiling in the book relates 
to current-voltage pulses of duration and magnitude found 
convenient for radar magnetrons during the war, nnd 
devices for producing such were usually called modulators. 

Specifically, the range covered in this book is from 
about .03 to 5 microseconds’ duration, 1 to 60 kv on 
voltage and from 100 watts to 20 megawatts on power. 
This material is covered in 15 chapters which an; broken 
up into three groups. Iu the first group is “The Hard 
Tube Falser," which uses a vacuum tube ns a switch to 
connect and disconnect an energy storage device (usually 
a simple condenser) and the load. The second group 
considers "The Line Type Pulser," in which an artificial 
transmission lino not only stores the energy but also 
determines the pulse shape on being connected to the Jond 
by means of n spark gap or hydrogen thy nitron. The 
third group of chapters presents “Pulse Transformers." 
There are also appendices on “Measurement Techniques" 
and “Pulse Duration and Amplitude." 

As a whole the book is very well done and the present 
reviewer has found it useful, interesting, and Informative. 
Especially noteworthy is the fact that, in spite of the 
rather largo number of contributing authors (13), there 
appear to be neither large gaps nor duplications. 

On tho other hand, much of the section on pulse trans¬ 
formers has been spoiled, for the prosent Teviewcr, by the 
author's "explanation" of many formulae by a rather 
nebulous analogy between thermodynamics, or possibly 
statistical mechanics, and transformers. This analogy is 
perhaps most clearly stated on page 501, and the fact 
that this assigns two degrees of freedom to a single mesh 
circuit does not inspire confidence. The analog is used 
to "explain" a result usually derived by tho maximum 
minimum methods of first year calculus. In fact, all the 
results the reviewer has checked seem to be correct, but 
because of tho "thermodynamic" reasoning, the reviewer 
will not feel that the statements in these chapters are 
reliable for quick reference until he has verified them. 

William W, Hansen 

Stanford University 
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NEIVS 
and Notes 

Serge Korffj physicist at Now York 
University College of Engineering, 
left for Europe on January 25 to 
continue his studies of cosmic rnys- 
He will compare his test data with 
those of scientists at laboratories in 
Italy, France, Switzerland, Denmark, 
Sweden, and England to determine 
whether cosmic rays differ in intensity 
at various geographic locations. 

Henry W. Fowler, curator of 
Fishes in the Academy of Natural 
Sciences of Philadelphia, is making a 
4-month study of the fresh water fishes 
of Colombia, particularly those in the 
hoadwaterB of the Atrato, Magdalena- 
Cauca, Orinoco, and Amazon Hi vers. 
His expedition is supported by a grant 
from the American Philosophical So¬ 
ciety. 

Maurice M. Shapiro, physicist at 
Oak Ridge National Laboratory, has 
been appointed head of the section on 
heavy-particle physics in the Nucle¬ 
onics Division of the Naval Research 
Laboratory, Washington, D. C. 

Appointment of Harvey A. Neville 
as dean of the Lehigh University. 
Graduate School and Robert P. More 
as associate dean of the College of 
Arts and Science was recently an¬ 
nounced. Both appointments will be¬ 
come effective July 1. 

Arthur B. Lamb, of Harvard Uni¬ 
versity, will retire from the editorship 
of the Journal of the American Chemi¬ 
cal Society at the end of this year. 
His successor will be W. Albert Noyes, 
Jr., of the University of Rochester, son 
of tho editor whom Dr. Lamb suc¬ 
ceeded in 1918, Both Dr. Lamb and 
Dr. Noyes are former presidents of 
the Society. Dr. Lamb will continue 
to nerve the j ournal os consulting 
editor. 

R. Lee Clark, Jr., director of the 
University of Texas M. D. Anderson 
Hospital for Cancer Beseareh, has been 
elected to the Cancer Committee of the 
American College of Surgeons. 


Roy P. Forster, professor of zool¬ 
ogy at Dartmouth College, left for 
Europe January 27 to spend several 
months visiting universities and bio¬ 
logical laboratories. The remainder 
of his sabbatical leave will be spent in 
research on the energetics of cellular 
transport in renal tubules at the Ber¬ 
muda Biological Station for Research 
and at the Mount Desert Island Bio¬ 
logical Laboratory. 

Mariafranca Carpaneda, assistant 
professor of biology at Quincy Col¬ 
lege, Quincy, Illinois, is returning to 
Milan, Italy, after a year and 4 months 
of teaching and research in tho U- S. 
She plaus to continue research on 
Chlorella with a chemical antibiotics 
producer there. 

E. C. Hamblen, professor of en¬ 
docrinology in tho Duke University 
School of Medicine, is on a 3-week 
lecture tour of western cities. In Los 
Angeles, he will present a course at 
the Obstetrical and Gynecological Post¬ 
graduate Assembly of Southern Cali¬ 
fornia February 14-19 and give an 
address at the College of Medical 
Evangelists. From there he will go 
to Oklahoma City to participate in 
postgraduate courses on endocrinology. 
Tho final lecture will be given in Chi¬ 
cago February 23, where be is sched¬ 
uled to present the annual Bacon lec¬ 
ture in obstetrics and gynecology at 
tho University of Illinois School of 
Medicine. 

Florence S. Tabor, acting dean of 
the School of Home Economics in 
Pratt Institute since the resignation of 
Joan M. Rock in 1943, has been made 
dean, effective February 1. 


Visitors to U. S. 

B. R. Seth, on leave of absence as 
head of the Department of Mathe¬ 
matics of Hindu College, New Delhi, 
India, has joined the Iowa State Col¬ 
lege staff for the calendar year 1949, 
He is teaching courses in theory of 
elasticity and theoretical hydrodynam¬ 
ics, while assisting in a seminar 'on 
research in applied mathematics. Dr. 
Seth will participate in the 3rd Annual 
Symposium of Applied Mathematics 
at Ann Arbor, Michigan, next June. 


Erik Tetens Nielsen, insect physi¬ 
ologist of Pilehuset Laboratory, Den¬ 
mark, and research associate. Univer¬ 
sity of Copenhagen, has begun a 
6-month study of the ecology of Flor¬ 
ida insects at the Arahbold Biological 
Station, Lake Placid, Florida. Dr. 
Neilsen, assisted by Mrs. Neilsen, is 
working in this country under the aus¬ 
pices of Swnrthmore College. 11 i h 
present program is concerned with the 
migration of butterflies. 


Grants and Awards 

Research Corporation bus an¬ 
nounced a new installment of grants 
totaling nearly $250,000. These firsl 
grants of 1949 were approved by the 
Board of Directors at their recent 
annual meeting in New York. At the 
same time, announcement was made of 
the 1949 recipients of the unmml Re¬ 
search Corporation Scientific Awards. 
Thoy are Bruuo Rossi, professor of 
physics at the MasanchuHetta Institute 
of Technology, and Henry Eyving, 
dean of the University of Utah Gradu- 
nte School. 

Union College, Schenectady, New 
York, has received a gift of $150,000 
from Frank Bailey, of New York City, 
to establish the Frank and Mary 
Louise Bailey professorship of phys¬ 
ics. Vladimir Rojnnsky, professor of 
physics at Union Collego since 1930, 
has been named to the now professnr- 
sliip. 

The Ohio State University De¬ 
velopment Fund has received two 
gifts totaling $10,000: a grant of 
$7,500 by the Edward Orton, Jr., 
Ceramic Foundation to the fellowship 
endowment fund, and another of $2,500 
by the Illuminating Engineering Soci¬ 
ety Research Fund to finance research 
in the School of Optometry. 

The Marine Biological Laboratory 
at Woods Hole, Massachusetts, has 

boon granted $150,000 by the Rocke¬ 
feller Foundation to renovate Old 
Main. A basement, to be constructed 
this spring under the entire building, 
will contain research laboratories, 
dark rooms, cold rooms, and storage 
space. The Foundation has also do¬ 
nated $100,000 for the general sup¬ 
port of the Laboratory, 
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Fellowships 

A 6-week General Electric Sci¬ 
ence Fellowship Program has been 
announced by officials of Union Col¬ 
lege and Cose Institute of Technology. 
The study program is open to 100 
science teachers to be selected on a 
competitive basis from 19 northeastern 
states and the District of Columbia. 
Applications must be submitted before 
April 1 to Elmer Hutchisson, Case 
Institute of Technology, Cleveland 6, 
Ohio. 

Smith College announces the fol¬ 
lowing fellowship and scholarship 
awards available in 1949-50 to quali¬ 
fied women students for graduate work 
in scientific fields: 2 or more teaching 
fellowships each in bacteriology, bot¬ 
any, chemistry, geology, physics, psy¬ 
chology, and zoology, carrying a sti¬ 
pend of $900 for the first year and 
$1,000 for the second year, with re¬ 
mission of tuition fees; research fel¬ 
lowships, carrying stipends dependent 
upon the contract involved, in genetics 
and physics; and 7 trustee fellowships 
(giving tuition and residence) and 4 
trustee scholarships (giving tuition 
only) for work ill any college depart¬ 
ment (several of these will be awarded 
to science students). Full information 
and application blanks (to be sub 
mitted on or before March 1 ) may bo 
obtained from Florence E. Young, 
Graduate Office, Smith College, North¬ 
ampton, Massachusetts. 

Colleges and Universities 

The California Institute of Tech¬ 
nology has completed ita underground 
laboratory annex, combining facilities 
for housing experimental animals and 
for research in biology and biochemis¬ 
try, Work to be carried on in the 
new $150,000 building will include re¬ 
search in immunochemistry, genetics 
and immunology, cancer prophylaxis 
nr therapy, pneumococcus studies, spe¬ 
cificity of sexual fertilization, and 
neurophysiology. 

The Department of Microbiology 
of New York University College of 
Medicine announces an intensive 
course in the theories and techniques 
of virus research to be given March 
2Wune 3, This full time course will 
include lectures, laboratory work, and 


discussion. Credit for two full courses 
will be given by the Graduate School 
of the University. Because the num¬ 
ber of students is limited to 12, early 
publication is recommended. Further 
information may be obtained from the 
Department of Microbiology, 477 First 
Avenue, New York 10, N. Y. 

Fundamental problems of growth 
and malignancy are the subject of a 
series of meetings being presented by 
the Department of Pathology, College 
of Medicine of the University of Ver¬ 
mont and State Agricultural College. 
Speakers at forthcoming meetings, 
which will be held in the Fleming Mu¬ 
seum at 8:00 p.m., are as follows: 
February 16, W- U. Gardner, Depart¬ 
ment of Anatomy, Yale University 
School of Medicine; March 3, Leon 
O, Jacobson, Billings Hospital, Uni¬ 
versity of Chicago College of Medi¬ 
cine ; March 24, M. Demerec, Carnegie 
Institution of Washington, Depart¬ 
ment of Genetics, Cold Spring Harbor, 
Long Island; April 7, Harold F. Blum, 
National Cancer Institute and Prince¬ 
ton University; May 5, T. M. Sonne- 
born, Department of Zoology, Univer¬ 
sity of Indiana; June 2, C. P. Rhoads, 
Memorial Hospital and Sloane-Ketter- 
ing Institute for Cancer Research. 

Industrial Laboratories 

Elvin H. Killheffer, of the Du Pont 
Company Development Department, 
Wilmington, Delaware, has retired 
after 29 years. An authority on tar¬ 
iffs, Dr. KillheffeT was a member of 
the U. S. delegation to the United Na¬ 
tions Conference on Trade and Em¬ 
ployment at Havana in 1947, 

The Westinghouse Electric Cor¬ 
poration has made 3 appointments in 
its new Atomic Power Division. The 
men are Philip N, Ross, assistant di¬ 
rector of research; E. L. Kuno, assist¬ 
ant to the division manager; and L. C. 
Mechling, Jr., works engineer. 

Meetings and Elections 

The National Malaria Society held 
its annual meeting conjointly with the 
American Society of Tropical Medi¬ 
cine, the American Academy of Tropi¬ 
cal Medicine, and the American So¬ 
ciety of Parasitologists in New 
Orleans, December 5-9, 1948, and 


elected the following officers for 1949: 
president, Wendell Gingrich, Galves¬ 
ton, Texas; president-elect, Paul F. 
Russell, New York City; vice presi¬ 
dent, Ernest Carroll Faust, New Or¬ 
leans; director for a 3-year term, H. 
W. Van Iiovenberg, Mt. Pleasant, 
Texas; and editor, Frederick L. Know¬ 
les, Memphis, Tennessee. Martin D. 
Young, of Columbia, South Carolina, 
continues as secretary-treasurer. The 
American Academy of Tropical 
Medicine also elected its 1949 officers: 
president, Lowell T. CoggeBhttll, Uni¬ 
versity of Chicago; vice president, 
Ernest Carroll Faust, Tulane Univer¬ 
sity; secretary, Clay G. Huff, Naval 
Medical Research Institute, Bcthesda, 
Maryland; treasurer, Henry E. Me- 
leney, New York University; and 
councillor, Willard H. Wright, Na¬ 
tional Institutes of Health, Betliesda, 
Maryland. At the same meeting 
workers in the fields of parasitology 
and tropical medicine of the midwest 
were organized as Midwestern Para¬ 
sitologists and elected II. J. Van 
Cleave, of the University of Illinois, as 
president. PlanH are under way for 
a meeting of the group at the Uni¬ 
versity of Wisconsin in Juue. Infor¬ 
mation about the meeting and member¬ 
ship may bo had by writing David R. 
Lincicome, Department of Microbiol¬ 
ogy, University of Wisconsin Medical 
School, Madison. 

The recently organized American 
College of Veterinary Pathology 

elected the following temporary officers 
to serve until the final adoption of its 
constitution and by-laws: president, 
William H. Feldman; vice president, 
Alfred G. Karlson; secretary-treasurer, 
T. C. Jones. 

The Cooper Union Forum is con¬ 
ducting three series of lectures on 
Sundays, Tuesdays and Fridays, at 
8:15 in the Great Hall, 8th Street and 
Astor Place, New York City. The 
subject of the Sunday evening series 
(January 23-April 10) Is “Asia in 
Ferment.' J The Tuesday evening 
series (January 25-April 12) is con¬ 
cerned with Our Search for Mental 
Health." The Friday series (January 
28-April 8) offers "Expressions of 
the Contemporary Scene," 

The Institute of. Medicine of Chi¬ 
cago, at its annual meeting on De- 
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c ember 7, elected the following 1 officer a 
for 1049: Henry T. Ricketts, chair¬ 
man of the Hoard of Governors; Wil¬ 
liam F. Petersen, vice chairman; 
Herman L. Kretschmer, president; 
Archibald L. Hoyne, vice president; 
George H. Coleman, secretary; and 
Grant H, Laing, treasurer. Warren 
W. Furey, Eric Oldberg, Charles B. 
Puestow and H. Prather Haunders were 
elected to the Board of Governors. 
An illuminated parchment scroll was 
presented to George H. Coleman os a 
tribute of appreciation for 25 years 
of service uh secretary. Citizen fel¬ 
lowship was conferred on EH a M. Bal- 
m on sen, medical librarian of the John 
Crerar Library. 

NRC News 

The Pacific Science Board, with 
the cooperation of the Navy Depart¬ 
ment, and assisted by funds from the 
Office of Naval Research, the Viking 
Fund, Inc., and private sources, is 
conducting a program known as 
Scientific Investigations in Micronesia. 
The program, which is a continuation 
of Coordinated Investigation of Micro 
nesiun Anthropology, carried on in the 
Trust Territory of the Pacific Islands 
for the past two years, offers 10 re¬ 
search openings with the following 
probable distribution: 2 anthropolo¬ 
gists (archeology, physical anthro¬ 
pology, or linguistics); 2 botanists; 

1 geographer (human or economic) ; 

I medical researcher (hypertension or 
parasitology) ; 1 nutrition researcher; 

3 zoologists (1 in entomology). The 
estimated time in the field for these 
assignments will be not less than 4 or 
5 months, with individual salary sup¬ 
plements ranging from $100 to $400 
per month, depending upon the quali¬ 
fications of the applicant. In addition, 
thero will be a reimbursement for field 
expenses including subsistence and na¬ 
tive assistance up to $100 per month. 
Transportation outside the continental 
U. S. will be arranged by the Navy De¬ 
partment. While unattached scientists 
may bo sent out on individual con¬ 
tracts, the Board favors the former 
arrangement of the CIMA program, 
under which participants were spon¬ 
sored by an institution assisting them 
with equipment, publication of results, 
and supplementary funds. 

Applications for the research open- 
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inga should bo sent to the Pacific Sci¬ 
ence Office, NBC, 2101 Constitution 
Avenue, Washington 25, D. C., so as to 
arrive.before April 1. It is expected 
that assignments and field arrange¬ 
ments can be made effective by early 
dune. All applications should be on a 
graduate or on a post-doctoral level, 
and should contain details of previous 
field experience and academic back¬ 
ground, ns well as a description of the 
proposed research project, including 
the locality considered most desirable. 

The Committee for Research in 
Problems of Sex of the National Re¬ 
search Council announces that requests 
for grunts-in-aid during the fiscal 
period duly 1, 1949-Jun 0 30, 1950, will 
be received until March 15. Applica¬ 
tion blanks may be obtained from the 
Division of Medical Sciences, National 
Rest-arch Council, 2101 Constitution 
Avenuo, Washington 25, D. C. Pre¬ 
liminary inquiries should be addressed 
to the chairman of the committee, 
George W. Corner, director of the De¬ 
partment of Embryology, Carnegie 
Institution of Washington, Wolfe 
mid Madison Streets, Baltimore 5, 
Maryland. 

Members of the Committee on 
Aviation Psychology were recent 
guests of the Secretary of the Nnvv 
aboard tins aircraft carrier Saipan, on 
a cruise to Guantanamo Bay, Cuba. 
The group also included Navy doctors 
ami psychologists of the Bureau of 
Medicine and Surgery. En route, a 
regular meeting of the Committee Was 
held to discuss the Navy ’s current re 
search program in aviation psychology 
and to review the progress made on 
investigations conducted for the Bu 
reau of Medicine and Surgery by the 
Committee. 

H. R. Crookshank, formerly in the 
Biochemistry Department of the Med- 
ical College of Alabama, is now assist¬ 
ant executive secretary of the Division 
of Biology and Agriculture and the 
American Institute of Biological Sci¬ 
ences of tho NRC, 

Deaths 

Imre, F. Petal, 54, physicist arid a 
member of the staff of Franklin In- 
aitute’s Bartol Research Foundation 
at Swarthmore, Pentyl vania, died 
January 10 in the University of 
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Pennsylvania Hospital after a brief 
illness. 

Stephen Capps, 07, U. S, Geological 
Survey geologist, died January 19 in 
Washington, D. C. of a heart attack. 

William Clarence Ebaugh, 71, pro 

lessor emeritus of chemistry at Deni¬ 
son University, Granville, Ohio, died 
in Nowark, Ohio, December 20. 


The American Academy of Arts 
and Sciences, 28 Newbury Street, Bos¬ 
ton, is presenting an exhibit, and a 
series of popular lectures on astronomy 
during February, Prepared by the 
staff at the Harvard College Observa¬ 
tory and sponsored by the Academy, 
the program includes daily lectures 
on astronomical subjects as well as 
exhibits of current activities at the 
Harvard observing stations and trann- 
purency panels on the galaxies, the 
Milky Way, the sun, and meteors. The 
exhibit is open from 1) a.m. to 5 p.m. 
on weekdays and 9 a.m. to 12 noon mi 
Saturdays. The lectures are given at 
3:45 during the week and at 11:00 
H-iii- on Saturdays. They are open to 
the public without charge. 

UNESCO will provide a weekly 
radio news program on developments 
in the fields of education, science, mid 
culture, to be available to U. S. radio 
stations beginning February 19. The 
scripts will be prepared by the Paris 
headquarters of UNESCO and trans¬ 
mitted to broadcasting networks 
throughout the world. Radio stations 
in the United States may request copies 
of the programs, which are entitled 
"UNESCO World Review—Weekly 
Radio News About Education, Science, 
and Culture," from the UNESCO Re¬ 
lations Staff, Department of Stnte, 
1778 Pennsylvania Avenue, Washing¬ 
ton 25, D. C. 

The Avawatz Mountains, 40 miles 
south of Death Valley, are being 
mapped by Richard H. Johns, geolo¬ 
gist, and A. E. J. Engel, mineralogist, 
of the California Institute of Technol¬ 
ogy- Object of the survey is to trace 
the Garlock Fault, (which appears 
from aerial photographs to He nlong 
the east side of the range) and de¬ 
termine whether this area contains the 
key to important regional geological 
structures in the Southwest, The fault 




156 


SCIENCE 


February 11, 1949, Vol. 109 


has been active for million* of years, Quarterly, now available for diatribu- du C.N.R.S., 18, rue Pierre-Curie, 

By mapping the innor recesses of tbc tion. The author is Wilmot R. McCut- Paris (6 B ). 

range, which has a maximum altitudo chen, Lt. Col., Corps of Engineers, Science Review. Official monthly pub- 

of about 6,000 feet, Drs. Jahns and USA. The report may be obtained* licaion of the Metropolitan Detroit 


Engel hope to learn how far tho 
mountains have moved and when the 
moving took place. 

The American Psychiatric Associ¬ 
ation’s newly established Inspection 
and Hating System for mental hospi- 
tala in the U, S, and Canada will have 
as director Ralph M. Chambers, until 
recently superintendent of Taunton 
State Hospital, Taunton, Massachu¬ 
setts. A Central Inspection Board of 
10 psychiatrists under the chairman¬ 
ship of M. A. Tnrumianz, superinten¬ 
dent of Delaware State Hospital, Farn- 
hurst, Delaware, will serve as the 
governing body of the now system. 
Made possible by grants from the Psy¬ 
chiatric Foundation, the Inspection 
and Rating System is designed to 
stimulate the same kind of voluntary 
improvement in public and private 
mental hospitals that a similar pro¬ 
cedure developed in 1918 by the Ameri¬ 
can College of Surgeons achieved in 
general hospitals. Communications 
concerning the Inspection and Rating 
System should he directed to Ralph M. 
Chambers, c/o American Psychiatric 
Association, 1270 Avenue of the Amer¬ 
icas, New York City. 

A method of studying wind veloc¬ 
ities in the upper atmosphere by 

means of visible smoke clouds has been 
made possible by the V-2 rocket No. 
42, fired at White Sands, New Mexico, 
last December. The rocket reached an 
altitude of about 67 miles at a speed of 
3,000 mph. The smoke generator waH 
equipped with a delay mechanism 
timed to function 68 sec after take¬ 
off and when the rocket rose from 20 
to 40 miles, it emitted a stream of 
smoke clearly visible for 15 minutes. 
The movement of the smoke in the 
wind was photographed by cameras an 
the ground, thus measuring velocity at 
a height from 100,000 to 200,000 feet 
above the earth's surface. The equip¬ 
ment was designed and operated by ex¬ 
perts from the Munitions Division, 
Technical Command, Army Chemical 
Center, Maryland. 

H The Behavior of Rocka and Rock 
Masses In Relation to Military Geol¬ 
ogy" is the subject of volume 44, num¬ 
ber 1, of the Colorado School of Mines 


from the department of publications, 
Colorado School of Mines. Golden. 
Colorado, for $1.00 postpaid in the 
ynited States. 

The Foreign Service Institute of 

the Departnwnt of State is instructing 
Foreign Service Officers and other 
government, personnel in those phases 
of sociological and anthropological 
science appropriate to the conduct of 
relations with peoples of other cul¬ 
tures. This "area and language 
study' 1 is carried out by the follow¬ 
ing staff: Henry Lee Smith, Jr., di¬ 
rector of the School of Language 
Training and assistant director of the 
Institute; George L. Trager, professor 
of linguistics and anthropology; John 
M. Echols, associate professor of lin¬ 
guistics ; Charles A. Ferguson and 
Carleton T. Hodge, assistant profes¬ 
sors of linguistics, Naomi Pokmezian, 
instructor in linguistics, and Edward 
A, Kennord, professor of anthropology 
and linguistics (School of Advanced 
Officer Training), 

Recently Received— 

Report of the Chief of the Soil Con¬ 
servation Service, 1948, by H. H. 
Bennett. Publication of the U. S. 
Department of Agriculture. Wash¬ 
ington 25, D. C.: Supt. of Docu¬ 
ments, U. S. Government Printing 
Office, 1948. $.20. 

Soviet science (from Pravda). (Oc¬ 
casional pamphlet no. 8, November, 
1948, of the Society for Freedom in 
Science.) Copies available from the 
Assistant Secretary, Society for 
Freedom in Science, Dopt. of Zool¬ 
ogy, University Museum, Oxford, 
England. 

The subspecies of the Massasauga, 
SUtrurua catenatus , in Missouri by 
Philip D, Evans and Howard K. 
Gloyd. (Bulletin of the Chicago 
Academy of Sciences, December 22, 
1948.) 

Ninetieth anniversary celebration of 
tho Iowa State College, 1858-1948. 
Iowa State College, Ames, Iowa. 
Bulletin Analytique, Vol. VII, Parts 
1 and 2. Published monthly by Le 
Centre National de la Recherche Sci- 
entiflque, Service de Documentation 


Science Club. 

National Research News. Published 
monthly by the National Research 
Council of Canada. 

Symposium on spectroscopic light 
sources. (Special technical publica¬ 
tion No. 76.) Published by the 
American Society for Testing Ma¬ 
terials, 1916 Race Street, Philadel¬ 
phia 3. 

Australian Journal of Scientific Re¬ 
search. Published by the Council 
for Scientific and Industrial Re¬ 
search in collaboration with the 
Australian National Research Coun¬ 
cil. Issued in two Beries. Annual 
subscription each series. 30/, single 
issues 7/6. Ed: Australian Journal 
of Scientific Research, c/o Council 
for Scientific and Industrial Re¬ 
search, 314 Albert Street, East Mel¬ 
bourne, C.2., Victoria. 

Preliminary bulletin of postgraduate 
courses. American College of Phys¬ 
icians, Inc., Spring, 1949, Execu¬ 
tive Secretary, E. R. Loveland, 4200 
Pine Street, Philadelphia. 

Danin Polyglotta. Annual report pub¬ 
lished by the Institut Danoia de 
^changes Internationaux de Publica¬ 
tions Scientiflques et LLttdraires 
I.D.E., Copenhagen, Denmark. 
Report of the President of the Car¬ 
negie Institution of Washington for 
tho year ending September 90, 1948. 
Wissenschaftliche Dienst. Published 
monthly by Internationale Presse 
AustauBcli Gesellschaft M.B.H., 
Hamburg 13, Harvestehuder Weg 5, 
Germany. 

Now Products. Booklet published by 
The N. Y. Journal of Commerce., 
03 Park Row, New York City. $.50. 

Make Plans for— 

Research Conference on Cocci- 
dioaia of the New York Academy of 
Sciences, March 4-5 (originally sched¬ 
uled for March 3-4), American Mu¬ 
seum of Natural History, New York 
City. 

New York Academy of Medicine, 

Section of Microbiology, symposium, 
March 15-10, New York City. 

American College of Physicians, 
30th annual session, March 28-April 
1, New York City. 
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Rhythmic Behavior of the Nervous System 

Hudson Hoagland, Executive Director, 

Worcester Foundation for Experimental Biology , Shrewsbury, Massachusetts 


S INCE THE FAMOUS CONTROVERSY of 
Galvan i nml Volta in the last deende of the 
IHth Century, it has beeu known that living 
tissues generate electricity, and in 1H48, when this 
Association wna founded, many studies of the elec¬ 
trical properties of nerve and muscle hud already 
been published. By that veer, du Hois Reymond 
had, (or example, published a two-volume study of 
animal electricity, and in 1B50 Helmholz measured 
the rate of propagation of the nerve message for the 
first time and found it to be absurdly low for con¬ 
ducted electrical action—of the order of 20 meters 
per second in frog nerve. 

It is now established that nil living cells are eon- 
tinuous converters of energy, and the form and func¬ 
tion of the cell are maintained by dynamic steady 
states. Only (lend cells are in thermodynamic equi¬ 
librium with their environments. Within each cell, 
linked enzyme systems promote in stepwise sequences 
the degradation of foodstuffs that have entered the 
cell from its environment of body fluids, of sea water, 
or of fresh pond water, depending on its habitat. 

Membranes separating the protoplasmic contents 
from the environment are selectively permeable. Due 
(n the asymmetric steady state flow of substances, in¬ 
cluding electrolytes, across cell walls, these walls are 
polarized so that, in most cells, the interior is found 
to bfe from 50 to 100 millivolts negative to the exterior. 
Cells store potential chemical energy, nnd because 
they are irritable, this pnergy can be converted sud¬ 
denly to other forms. Thus a local decrease in the 
permeability of a cell membrane, initiated by elec¬ 
trical, chemical, mechanical, or thermal means, permits 
the cells’ own currents to flow through this region of 
changed permeability from the positively charged out¬ 
side to the more negatively charged inside and to com¬ 
plete the circuit by flowing back out more diffusely 
through the adjacent intact membrane. Such a local 
current in itself may act as an electrical stimulus to 
release energy from adjacent areas of the cell, so that 
a wave of electrochemical change is propagated nwny 
from the stimulated region as swirling eddies of in¬ 
wardly and outwardly directed current. In long fila¬ 
mentous cells, such aa nerve fibers, the passage of such 
impulses is detectable with recording apparatus. 

Waves of Action in Nhrvh Tissue 

Any study of the behavior of nerve mechanisms be¬ 
comes a study of waves and rhythms. The impulses in 


afferent nerVe fibers that convoy information to the 
brain and the signals sent out by the brain over motor 
nerve fibers to muscles are waves of electrochemical 
change that sweep along the fibers at speeds ranging 
from a fraction of a meter per second in very small 
fibers to 120 meters per second in large fibers. Ac¬ 
companying the passage of impulses in nerve are 
definite electrical, chemical, and thermal changes. 

During the first two decades of this century, pri¬ 
marily through the work of floteh and of Lucas, it 
was learned that nerve impulses travel as discrete 
pulses of energy, and following each pulse or wave, 
the nerve is refractory to further stimulation for very 
brief intervals of the order of milliseconds or frac¬ 
tions thereof. Time is required for membrane excit¬ 
ability to be restored by metabolism. 

The accelerating development of good electronic 
devices by physicists and engineers since the middle 
1020’s has yielded much information about impulses 
in individual sensory and motor nerve fibers and the 
ways in which sensory nerves transmit information 
from the environment to the brain. Adrian and a 
number of other physiologists have shown that in¬ 
tensity of sensation und strength of muscular contrac¬ 
tion are correlated with frequency of nerve impulses, 
but quality or modality of sensation is not traceable 
to peripheral nerve impulses but is ruther a central 
phenomenon of the brain. 

Impulse conduction uctoss junctions between nerve 
cells, called synapses, takes plucc in only one direc¬ 
tion. While nonsynaptic nerve nets exist in lower 
animal forms, such as coelenterates, well-integrated 
and complex behavior requires effective switching de¬ 
vices as represented by the one-way synapse, where 
temporal and spatial summation of impulses takes 
place, permitting control and direction of excitation 
and inhibition of contiguous cell units. 

The nature of waves of action in nerve tissue was 
well described by A. V. Hill (7) in 1933, when he 
wrote: 

. 1 'Most of the well-known oscillations with which physics 
is concerned are a consequence of the reaction with one 
another of properties analogous to inertia and elasticity. 
A moving or a changing system tends, on the one hand, to 
continue in Its state of motion because it possesses, for 
example, mass or inductance; oven social, economic and 
intellectual changes are endowed with such characters 
of Inertia which keep them going when they have passed a 
true position of equilibrium. On the other hand, such 
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systems, if they are to continue to exist, if they are not 
merely to be dissipated, must possess converse properties 
which tend to bring them back once they have overshot 
their equilibrium: such properties in physics are elastic- 
ity and electrical capacity; in finnneo and politics, fear 
and conservatism. These exercise a constraining force 
increasing with the displacement from equilibrium, and 
ultimately reverse the motion or change and the same 
oscillation is repeated in the opposite direction. 

"There is, however, another type of oscillation, less 
commonly discussed in physics and mechanics but none¬ 
theless well-known in everyday nffairH; that which depends 
upon a discharge taking plnce when some limiting poten¬ 
tial or intensity is reached. For example, water falling 
into a tank equipped with a syphon will come out in 
rushes whenever it, rises to a certain level. Or again, a 
population in which an epidemic of measles cannot start 
because of the number of people in it who are immune, 
having had the disease already, will grndually become 
less immune as time goes on, and finally nn epidemic, a 
wave of measles, will sweep through it. A neon lamp 
with a parallel condenser in series with a resistance and 
an electromotive force, will discharge at regular intervals, 
namely whenever the potential difference across the con¬ 
denser reaches a certain critical value. This type of 
oscillation does not depend upon inertia reacting with 
elasticity. Its essential nature is that (a) some state, 
some potential, some intensity, is built up by a continuous 
process, and the condition becomes less and less stable 
until one is reached in which discharge must take place, 
and (b) this discharge, once started, forms a path for 
itself by which (as in a syphon or an electric arc) further 
discharge 1 b facilitated until what has been built up 

gradually has been broken down and the process begins 
again. This type of oscillator (sometimes referred to as 
a relaxation oscillator) is the one with which we are 
concurucd in physiology. 

"Waves may bo transmitted on the same principle in 
a system extended in space. An unstable state is 

gradually built up at some point, either through an 

external agency or by some intrinsic process, discharge 
is begun which starts and facilitates a discharge in 

neighboring regions which themselves discharge, and so 
a wave is propagated. Such waves will occur periodically 
if at some region the potential at which discharge begins 
is less than that finally attained by the continuous process 
of charging. They will require, however, an external 
agency (a 'stimulus’) to start them if the unstable con¬ 
dition, the limiting potential, is not attained sponta¬ 
neously, Models of such waves will occur to all of you; 
their principle is obvious. I have emphasized it because 
the wavoB on which nervous activity is based appear to 
be of this typo. All detailed theories of nervous trans¬ 
mission may well be wrong but this general idea of it, 
involving a building up and discharge, is almost certainly 
right. ’ ’ 

All human behavior, whether it be a reflex response 
to stepping on a tack or the development of math¬ 
ematical analysis, depends Anally on the organization 
of messages in the central nervous system. As Jo¬ 


hannes Miller stated over a century ago, we do not 
sense a direct external world but rather properties of 
this worlcl interpreted by our nervous system. 
Since all nerve .messages in individual nerve fibers 
arc alike except for differences in timing and voltage, 
this menus that pal terns of organization of messages 
in the brain must be the ultimate basis for the rich 
quality of our experience, including Ideas themselves. 


* Electrical Brain Waves 

In 1929, linns Berger reported sinusoidal electrical 
oscillations of a frequency of about 10 per second 
picked up from electrodes attached to the scalp of re¬ 
laxed human subjects with closed eyes. Berger’s im¬ 
portant observations were soon continued and in Lbe 
past 18 years hundreds of studies of electrical activ¬ 
ity of the brain, animal and human, have appeared. 

The electroencephalogram, or EEG, as the brain 
wave record is called, usually displays a dominant 
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Fi«. 1. Two pairs of records from an unaueBthet- 
Ized dog with Biimll leada Inserted In the brain. A— 
Upper from anterior liypothalmnuH ; lower from cortex 
(HlmultHneouB recording). The domlimnl rhythms are 
14 per sec. B—Upper from anterior hypothalnmuH ; 
lower from mammiHury body (alxnultnnenuH record¬ 
ing). From Iloagland, Hlmwlch, Campbell, Fazekaa, 
and II (ul Id Inn, J. Ncurophy tiiol. 1030, 9 , 1270. 


frequency called the alpha rhythm of 9 to 11 cycles 
per second at an amplitude of 20 to 50 microvolts, 
most conspicuous from the occipital region of the 
head over the region of the brain concerned with visual 
processes, although it is often manifest all over the 
head. Exploration of nuclei and tracts in exposed 
brains of living animals and of man at operation 
show that all of the brain centers are rhythmically 
active at frequencies of 2 to 30 cycles per second 
with different frequencies characteristic of different 
nuclei but with predominant activity in the range of 
B to 18 cycles per second. Fig. 1, for example, shows 
cortical and hypothalamic records taken by us from 
OJ^unanesthetiaed and contented dog with small elec¬ 
trodes permanently imbedded in the cortex and in 
the hypothalamus. The cortical records and the ones 
from the anterior hypothalamus show the same typo 
of waves, although the activity from the posterior 
hypothalamus displays foster and more irregular fre- 
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quencies. Fig. 2 shows pairs of EEG tracings from 
each of 5 persons. The upper truce of each pair is 
from the occipital cortex nnd the lower trace is from 
a lead at, the roof of the pharynx near the anterior 
hypothalamus. Somewhat different brain wove pat¬ 
terns characterize each individual, but it is interesting 
- ■—i gy hnilnrity of the records from two such 

remote brain areas in the same person. 



sinusoidal pattern appears to be due to the distribu¬ 
tion of thresholds of firing of groups of cells. Evi¬ 
dence indicates that reverberating circuits of activity, 
involving one-way cell-to-cell, synaptic conduction be¬ 
tween thalmnus and cortex and back again, and even 
between hypothalamus, thalamus end cortex, are in¬ 
volved in the rhythms, since suitably placed lesions in 
these lower centers may abolish some of the cortical 
rhythms, apparently by interrupting loops of neurone- 
to-neurone conduction. But, on the other hand, con¬ 
duction cun take place from cell to cell in oriented 
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Fig. 3. Waves and rtiythniN from different een- 
Irnl nervous nyMenis as figured by F. Hreinnr ( J . 


Fig. 2. Pulrsi of eleetrnoneephnlogrnphlc tracings 
from Jive pernorm, A, B, C, 1 >, and B refer to differ¬ 
ent Individuals. The Upper truelng uT eftrli pair In 
from a cortical electroencephalogram, and the lower 
tracing of each pair le from n recording made si¬ 
multaneously with A lend Inserted In the roof of the 
pharynx near the anterior hypothalamus. The upper 
tracings of A, B, and D are from the vertex. The 
upper tracings of C nnd E nre from the occiput. 
Note similarities of patterns In a given Individual 
from cortical and basal leadH. From Hoagland, Cam¬ 
eron, Kubln, and Tegdberg, J. gen. Psychol., 10BN, 
10 , 247. 


beige Neurol. Paychiat,. 1047, 47, 542). A—Optic 
ganglion of the beetle Dyatiacua : effect of liglil of 
Increasing Intensity (A through C) in abolishing the 
rhythm (from Adrian, 1I)M7)_ B—Catenary ganglion 
of the lobster: ganglionic waves (below) and nerve 
Impulses led from on Interconnecting nerve trunk 
(from Bonnet, 1038). C~.Gray substance of the an¬ 

terior liorn of the cat spinal cord discharging syn¬ 
chronously after n period of asphyxia (from llreiner. 
1041). I>—CHt cerebellar cortex: synchronous ac¬ 
tivity following brief electrical stimulation (from 
Dow, 1037). B and F— Rhythmic activity In two 
functional stntes of the cerebral cortex of the ent 
after surgical de-afferentUllou (from Bremer). 


While the EEG is generally characterized by u dom¬ 
inant frequency of around 10 cycles per second, Fou¬ 
rier transforms make it clear that a whole spectrum 
of waves ranging from 2 Lo 30 cycles per second is 
present from any given locus. There is considerable 
variation in the dominance of components of the fre¬ 
quencies from person to person and studies of iden¬ 
tical twins and of family groups in general show a 
strong tendency for the particular EEG pntterns to 
be inherited. This is also true of abnormal patterns 
that have proved useful in diagnosing epilepsies. 

The brain waves are composed of electrical dis¬ 
charges of many cells firing in synchrony and the 


polnrized bruin cell layers by electrotonic action from 
nctivB to inactive colls by way of elertrical conduction 
through bathing fluids and independent of synnptic 
circuits. This phenomenon has been demonstrated by 
studies from the laboratory of F. Bremer (£, ,?) of 
Brussels and in this country by Gerard et al. (5) in 
studies of electrical waves in frog brain and in iso¬ 
lated pieces of frog brain. Moreover, in lobotomy 
operations, cutting connections of the frontal lobe of 
the cortex with the thalamus in man does not modify 
the frontal'brain wnve patterns. Thus, both synaptic 
conduction and nonsynaptic electrotonic conduction 
appear to be involved in the spread of lirain waves in 
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central nerve tissue, and work ot‘ h number of inves¬ 
tigators has shown basic brain wave rhythms to be 
independent of the arrival of afferent impulses, al¬ 
though such impulses can modify the rhythms. Fig. 
3, from a paper of Bremer (2), illustrates brain wave 
rhythms of central nervous tissue from beetles to 
mammals. 

A variety of factors have been found to change the 
EEG patterns. Thus, the alpha rhythm is charac¬ 
teristic of the subject at rest with eyes closed. Pat¬ 
tern vision with the eyes opened, i.e., focusing visual 
attention, and even the recall of visual images with 
the eyes closed, uboliehes it although it is not abolished 
even by strong diffuse illumination through closed 
lids. Occupation of the visual cortex with pattern 
discrimination disrupts the synchronised neurone 
beats. 

Sleep and even drowsiness, together with a variety 
of conditions of impaired consciousness produced by 
drugs, are accompanied by slowing arid disruption of 
the dominant alpha frequency and its replacement 
by more or leas slow random waves. 

One factor determining the basic frequency of the 
dominant rhythms, other things being equal, seems to 
be the rate at which the brain burns sugar, its only 
normal fuel. Thus, there is a progressive slowing of 
alpha frequency with decreasing sugar or oxygen 
carried by the blood to the brain or by the administra¬ 
tion of inhibitors of the brain’s oxidative enzyme sys¬ 
tems; conversely, metabolic stimulants increase the 
frequency. Increasing the alkalinity of the blood 
slows the frequencies, an effect which is easily demon¬ 
strable by rapid deep breathing that blows off carbon 
dioxide. 

Increasing the internal body temperature by fever 
or by diathermy increases alpha brain wave frequencies 
and some years ago we found that the Arrhenius equa¬ 
tion relating the rates of pace-limiting simple chemical 
processes to temperature describes this relationship, 
and gives three values for the activation energy. Two 
of those values are identified w T ith specific enzyme 
systems which are known to be present in the brain 
and which appear to act in the brain’s sequence of 
oxidation steps as rate-limiting chemical pacemakers 
for the alpha frequencies (ff, 8). 

These metabolic findings are consistent with the 
view expressed by Hill in our earlier quotation; 
namely, that nerve cells function ns relaxation oscil¬ 
lators that may fire repetitively in response to volt¬ 
ages built up across the cell’s membranes by cellular 
oxidation. This general point of view applies equally 
well whether the cells are regarded as firing as inde¬ 
pendent units stimulating neighboring cells to syn¬ 
chrony by electrotonic action or whether the brain 


waves are due to synchronized reverberating circuits 
involving, by synaptic conduction, extensive brain 
regions in loops of activity. 

It is of interest in this connection that we have 
found the human time sense to obey the Arrhenius 
equation and yield an activation energy similar to 
that encountered in some studies of cell respiration 
but different from that for alpha frequencies. The 
subjective counting of the number of seconds in a 
minute spoeejg up with elevated internal body tempera¬ 
ture ho that more seconds seem to pass per minute 
and private time therefore appears to drag in com¬ 
parison with public time accepted us a standard. Our 
sense of time itself thus seems to be regulated by some 
ns yet unidentified enzyme system, a sort of muster 
chemical clock w r ith on activation energy of 24.000 
calories. Fig. 4 demonstrates these dnlu. 



Fig. 4. Arrhenhifl equation plot nhowing 1 fffect of 
lnternnl tempernLure oil the ruro of chI limit hip time. 
Different symbols refer to different persons. The nb~ 
flolute rote of counting 1b not Indicated, since the 
ordinate linn been telescoped, From Hoaglnnd, J. 
gen. P*pchoL, 1UM3, 9, 200. 

On the clinical side, during the past 15 years elec¬ 
troencephalography has proved to be an important 
adjunct in diagnosis of epilepsy and in localizing 
brain lesions for subsequent surgery. 

Brain Physiology and Behavior 

The discovery of continuous rhythmical electrical 
activity in the brain has opened new possibilities of 
interpreting the physiological basis of behavior. Men¬ 
tal processes have a continuity, and consciousness is 
an enduring affair interrupted nt intervals by the sleep 
rhythm but otherwise normally persisting throughout 
life. Nothing in the study of classical reflex mecha¬ 
nisms has adequately accounted for learning and the 
persistence of memory. For a century after Magendie 
and Bell, the brain was regarded as a complex system 
of pathways whereby impulses from the periphery 
reached effector organs to produce behavior in stimu¬ 
lus-response sequences and, while many excellent 
studies of spinal reflexeB shed light on the physiology 
of these fundamental units of behavior, little progress 
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in correlating bruin physiology with higher mental 
processes was possible so long as the bruin was re¬ 
garded merely as a classical passive telephone-switch¬ 
board. Who, after all, plugged in the right connec¬ 
tions T Who or what was the operator of this inert 
switching system? Obviously the brain itself—but 
how ? 

Since 3943 several contributions have appeared 
which shed suggestive light on this problem. Thus, 
Rosenblucth, Wiener, and Bigelow {11)) Pitts and 
McCulloch (id); Adrian (i); and more recently 
Northrop (0) have considered these matters from 
refreshingly new angles. It him been my privilege to 
read in manuscript Norberl Wiener’s book Cgber- 
iictics, or control and communication in the animal 
and the machine (Tl) and J should now like briefly 
to consider n few of the matters pertinent to waves 
and rhythms raised in these studies, 

Jn 1940 Wiener worked out the principles of a 
machine now in operation for the solution of partinl 
differential equations with more than one variable, 
and has made interesting comparisons of this machine 
with the brain. Kenneth Crnik in bis book The nature 
of explanation (4) has mnde similar comparisons but 
Wiener's analysis is more extensive. The machine is 
fed data and proceeds to perform a complicated aeries 
of logical operations at a rapid rate through electronic 
switching devices. The computations are based on a 
scale of two after the algorithms of Bool inn ulgebrn 
rat her than on a scale of ten, and electronic reluys 
which give an on-off or a yes-no answer are the 
switching devices employed. 

All data according to the rules of logic and number 
are operated upon by the machine in sets of choices 
between two alternatives, nnd all the operations on 
the data take the form of making a set of new choices 
dejmndent on a set of earlier choices. The operations 
are timed by a central docking device. This clocking 
may be performed by air actual dock, or its equiva¬ 
lent may be performed by not permitting a process 
to take place until its antecedents have occurred. 

No human interference with the processes takes 
place from the time of supplying the machine with its 
initial information until the. end of the calculations. 
Thousands of ordered operations take place at an ex¬ 
ceedingly rapid rate, condensing into minutes proc¬ 
esses that would require days to eomplete with ordi¬ 
nary methods of computation. 

In such a machine there are devices to retain im¬ 
pulses until it is time for the appropriate circuit to 
act and relate them to other events in the processes 
of computation. This may be done in the machine by 
systems of reverberating circuits and by electronic 
scanning devices, such as arc used in television and 


also in the form of magnetization patterns of the 
molecules in iron wire after the manner of the well- 
known wire recorder. Thus, information can be stored 
until ready for use, and the machine quite literally 
possesses a functional memory in the form of patterns 
of dynamic electrical configurations or of molecular 
patterns which may be called upon to furnish infor¬ 
mation by appropriate stimuli arriving as timed,pulses 
from other circuits in the upparatus. It is important 
to realize that this memory need not be lodged in any 
one locus in the machine, but belongs to its function 
as a whole. To ignore this is to commit the fallacy of 
Descartes in locating the action of mind on matter 
in the pineal gland. 

A basic controlling principle in the integration of 
patterns of activity in the machine is that of negative 
feed-back, and evidence dourly indicates that negative 
feed-back plays a fundamental role in nervous integra- 
liou. In any system displaying negative feed-back, 
some of the output of the system returns to limit and 
control its further output. Thus, Roseublueth, Wie¬ 
ner, and Bigelow point out that negative feed-back 
means the behavior of an object is controlled by the 
margin of error at which the object stands at n given 
time with reference to a relatively specific goal. A 
robot-controlled plane may, for example, be directed 
automatically to seek its target by electromagnetic 
waves sent out by it and reflected hack from the target 
so as to modify the steering mechanism. The proxim¬ 
ity fuse detonates the shell as it approaches the target 
by the return of electromagnetic waves broadcast from 
the shell and reflected back to it. Again, the ther¬ 
mostatically controlled house heating system is a more 
prosaic example of negative feed-back, since as the 
temperature rises it shuts off the heater and when the 
house cools off the furnace is turned on again by the 
thermostat. Engine governors and the steering en¬ 
gines of ships furnish other examples of negative 
feed-back, und mechanisms so controlled are called 
servomechanisms. 

Nervous system processes are replete with examples 
of negative feed-back. Thug increasing blood pressure 
excites stretch receptors in the carotid sinus, which 
sends to the vasomotor center impulses causing a fall 
in blood pressure. Homeostatic mechanisms in gen¬ 
eral that regulate our internal environment use prin¬ 
ciples of negative feed-back. Breathing movements 
are examples of control of rhythms of inspiration and 
expiration by negative feed-back. Another example 
is the control of movements of the limbs by reciprocal 
inhibition of antagonistic muscles, producing orderly 
movement, and Adrian in his Physical background of 
perception (I) has discussed a number of such mech¬ 
anisms familiar to neurophysiologists, The cerebel- 
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lum is a complex coordinating center ior smoothly 
controlling by way of negative feed-back sensory im¬ 
pulses from the limbs essential to precisely coordi¬ 
nated movements, 

Lorente de No has demonstrated the action of what 
he calls reverberating chains of neurones so arranged 
in closed paths in the central nervous system that each 
neurone excites the next around the loop, the last 
finally reexciting the first, With 10 billion neurones 
in the human central nervous system an appalling 
number of interacting neurone loops are possible. Ac¬ 
tion once started in such reverberating circuits can 
continue indefinitely as long as metabolism supplies 
the requisite energy. 

Suppose now that one or more of the neurones in 
such a loop is bred by a specific sensory impulse. 
This loop involving many neurones will correspond 
to the physiological substratum of that specific sensory 
event and as McCulloch has put it "A train of im¬ 
pulses in a regenerative loop preserves the form of 
the fact without reference to the one particular mo¬ 
ment when it was experienced.” Comparable loops of 
uctivity are stored in the electronic calculating ma¬ 
chine by use of reverberating systems and principles 
of electronic scanning. 

Wiener also points out that the neurone operates 
on an on-off basis like an electronic relay. It cither 
fires or not, and the parallel to the machine and its 
binary scale of operation is thus further borne out in 
terms of Ihe basic units comprising the brain and the 
machine. Changing the grid bios of tubes by auto¬ 
matic devices modifies Lho tube's tuning and in like 
manner negative and positive after-potentials of neu¬ 
rones nre important in regulating impulse passage at 
synapses through modifications of synaptic excita 
bility. 

Voluntary acts by their very nature exemplify neg¬ 
ative feed-back. Thus when we proceed to pick up 
an object from a table we do not command a specific 
sequence of muscular acts, Rather, as Wiener sug¬ 
gests, fie controlling factor in the act is the degree 
to which the act has not been completed. The object 
may be picked up with either the right or left hand or 
even by the mouth if the hands are tied. The action 
ceases when the purpose is realized, after the manner 
in which servomechanisms control actions and bring 
them to a stop, Servomechanisms are purposive in 
nature. 

Rosenblueth and Wiener are preparing for publi¬ 
cation an experimental study of muscle clonus in 
spinal and in decerebrate cats. From an anlysis of 
the clonus frequency based on the theory of servo¬ 
mechanisms, they found good preliminary agreement 
between calculated and experimental values of the 


muscle’s rhythm of contraction in response to stimu¬ 
lation of its myotatic receptors by stretch. 

Form Perception and Memory 

Pitts and McCulloch (10) published a paper en¬ 
titled: "How we know universal, the perception of 
auditory and visunl forms.” In this paper they pre¬ 
sent both anatomical diagrams bused on eorticul neuro- 
anatomy and a mathematical analysis indicating how 
a scanning mechanism consisting of waves of impulses 
sweeping up and down over interlacing nonspecific 
and associative afferent fibers in the cortex enn fur¬ 
nish a basis for the perception and recognition of form 
when specific afferent stimuli arrive over sennoi’y 
pathways. In this type of nerve network, form, 
whether that of a musical chord or a geometrical pat¬ 
tern, is independent of size or position in the field 
and it is independent of any particular neurone or 
small neurone group. In this connection it is inter¬ 
esting to recall that Lashlcy found recognition of pat¬ 
terns and retention of learned acts in rats to be af¬ 
fected to a surprisingly small degree by the surgical 
removal of specific anatomical brain areas. Reten¬ 
tion of learned acts seemed to depend more upon the 
amount of tissue left than on its locus. 



Ii’lff. B. Complex dJscJmrffeH In severnl units of 
the cerebral cortex follow lug the local application of 
strychnine. Both outbursts are due to sensory stimu¬ 
lation (touching the foot) and show the tendency lor 
the cortex to repeat the mime pattern of discharge. 
From Adrian and Moruzzl, J. Physiol,, 1030, 97, 13.1. 

Pitts and McCulloch write "It is to the nonspecific 
afferent^ that modern physiology attributes the well- 
known rhythmic sweep of a sheet of negativity up and 
down through the cortex—the alpha rhythm, If our 
model fits the facts this alpha rhythm performs a 
temporal ‘scanning’ of the cortex which thereby 
gains, at the cost of time, the equivalent of another 
spatial dimension.” 

Lash ley’s experiments with rats indicate that mem¬ 
ory truces occupy very extensive cortical areas, since 
the Ablation or transection of a given region does not 
destroy memory, and ho has suggested that signals 
reaching receiving areas of the cortex may reverbe¬ 
rate extensively, affecting patterns of action in in¬ 
numerable rhythmically noting local circuits. Memory 
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truces would then be more or less stable resonance 
patterns which might be extensively reduplicated all 
o\er the eorLex, ready to respond to incoming signals 
which fitted the paltera of response. Fig. 5, from a 
paper of Adrian und Moruzzi, shows such a pattern at 
one point on the cortex set up in response to a specific 
sensory stimulation of the foot. 

But, as Adrian (I) has pointed out, it is difficult 
to see how memories can survive greut changes in the 
over-all patterns of activity of the brain Hueh as occur 
in normal sleep or in anaesthesia. As Adrian has 
sLuted in his lectures on the "Physical Background of 
Perception/' ' Clearly if memory truces are patterns 
they must tend to occur in the same form after a pe¬ 
riod of inactivity and to bring this about it seems to 
be necessary to postulate Home semipermanent modi¬ 
fication as well, A slight change in the exceedingly 
plastic structure of nerve cells and dendrites would 
be enough [following activity].” In this connection 
1 would like to suggest by analogy that the storage of 
information in the wire recorder modifies the wire at 
a molecular level but not within optically observable 
microscopic dimensions and informntion fed by such 
a wire to scanning circuits can reappear in its original 
form ni ter a shutdown of the apparatus when its cir¬ 
cuits are later reactivated. 

Finally, it is worth recalling thul both the bruin und 
the machine operate in relation to internal master 
clocks. In the case of the brain, steady-state enzyme 
kinetics uppear to regulate our time sense. 

Philosophical Implications 

Northrop, in a paper entitled "The Neurological 
and Behuvioristic Psychological Basis of the Ordering 
of Society by Means ol' Ideas” ( 9 ), has discussed the 
work of Wiener, Hosenblueth, McCulloch and Pitts 
against the background of two opposing philosophical 
views of the role of ideas us determinants of behavior, 
To the Lockiun and Cartesian dualists and to the ide¬ 
alistic German philosophers there are only mechanical 
causes and no purposes or universids in the biological 
realm, only particular events and no remembered 
events with their persistent meanings. According to 
these classical views, purpose, memory, and the exist¬ 
ence of universale establish the reality of nonbiological 
minds or mentul substances and thus lead to the for¬ 
mulation of vitalistic theories. Opposing these views 
have been the mechanistic biologists and the behavi¬ 
oristic psychologists for whom purpose and mind are 
mere appearances or epiphenomena, and only stimuli 
and observed responses are real. Ideas as determi¬ 
native causes are regarded as mere rationalizations 
after the fact of behavior. 

Northrop dismisses both of these points of view in 


terms of the light shed by the recent neurophysio¬ 
logical concepts, pointing out that purposeful goul- 
chreeled behavior is possible in human neurological 



Fig. 0. KflVrtH of hyperventilation on the human 
electroencephalogram. Note mnrkeil Hlnwlng ncouui- 
pnuylng the executive removal of CO a by overhreuth- 
Injf. From DhvIh anti Davis. Res. Publ. Ash. nerv. 
meat. lUe.. 19H0, 19, 50. 

systems containing negative feed-back mechanisms and 
patterns of reverberating circuits which are the epis- 
leinic correlates of ideas and which cun function 
causally. Signals from the goal can alter behavior 
after it has been initiated so that it reaches the goal. 
This is the requirement for any mechanism in order 
that it be goal-directed and “a teleological system can 

(a) 

----WVWVVVW^^ 

i-!i®£j-1 

(b) 

IB 14 12 
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Fig, 7. Records from the occipital rep Inn of the 
head, showing Ihe effect, of flickering light. Delow 
the records from the head arc tracings from a photo¬ 
electric cell indicating the rate of flicker. In the 
lower record the rate wns reduced from 18 to 12 per 
see, and the cerebral wnves keep In step with the 
flicker. The cerebral waves are potential changes of 
tho order of 20-30 microvolts. Adrian reports that 
the alpha frequency here driven at 18 per sec can he 
driven up to 30 per aec by flickering light. From 
Adrian, Lunoat, .10 July, 1048, p. 84. 

be—and in the human nervous system it is—a mechan¬ 
ical system, .It is a mechanical system in which the 
behavior of the system is controlled by a negative 
feed-back over the goal. 

"Because overt behavior can be tripped by impulses 
from reverberating circuits whose activity conforms, 
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to universale us well ub by impulses coming immedi¬ 
ately from an external particular event, the behavior 
of men can be, and causally is, determined by embodi¬ 
ments of ideas us well as by particular environmental 
facts.” 

If brain waves do indeed represent the sweep of 
cortical scanning circuits it iB easy to understand their 
disappearance in the act of attending to visual ex¬ 
perience. Thus attending to sights or even recollect¬ 
ing visual experiences causes them to disappear as 
tlie sweep of television scansion is obscured by the 
formation of pictures. Asynchrony of the nonspecific 
sweep nfferents with the specific sensory circuits might 
be expected to obscure consciousness und indeed we 
do find consciousness lost when the brain rhythms 
show random slow wave activity, or when epileptic 
discharges take place in the form of abnormally large 
synchronized bursts of activity. However, it is none¬ 
theless possible to modify profoundly the alpha fre¬ 
quency without appreciable effect on perception or 
coordinated behavior. This fact is hard to reconcile 
with the need for precise synchrony of specific afferent 
patterns of continuous circuits as epistemic correlates 
of ideas and sweep frequencies of scanning circuits. 

Thus, hyperventilation can slow the dominant brain 
ware frequency from 10 cycles per second to 3 and 
on the other hand flickering light can increase its fre¬ 
quency from 10 to 30 per second without observable 
modifications of memory, consciousness or of percep¬ 
tion in healthy persons (Figs. G and 7). However, 
it is also interesting that both of these procedures can 
produce seizures in some epileptic patients with at¬ 
tendant loss of consciousness. We might expect modi¬ 
fication in the sweep of scansion to produce changes 
of thin kind in everyone, but changes are the exception 
and not the rule. Failure to modify perception would 
appear to be possible only if the frequencies of all the 
reverberating circuits concerned with specific sensory 
nfferents were equally affected by the agents affect¬ 
ing the scanning frequency of the nonspecific associa¬ 
tive nfferents. But it is hard to see how such uniform 
synchrony would be possible over wide association 
ureas of the brain, many of which experimentally 
sliow different thresholds of susceptibility to chemical 
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agents and which may not be appreciably affected by 
a stimulus such as a flickering light that drives the 
neurones concerned with visual reception. 

The hypotheses of Wiener and his colleagues are 
highly suggestive. It will be interesting to observe 
their impact on experimental physiology during the 
next decade. 

It would be agreed, I am sure, that one of the most 
significant physiologists of our time is Sir Charles 
Sherrington and a quotation from hie book Man: on 
his nature (12) ie an appropriate conclusion to a 
paper on waves and rhythms in the nervous system. 
In language of singular charm, it pictures the brain 
asleep and awake. Imagine 

"A scheme of lines and nodal points, gathered to¬ 
gether at one end into a great ravelled knot, the brain, 
and at the other trailing off to a sort of stalk, the spinal 
cord. Imagine activity in this shown by little points of 
light. Of these some stationary Hash rhythmically, faster 
or slower. Other are travelling points streaming in 
serial linos at, various speeds. The rhythmic stationary 
lights lie at the nodes. Tho nodes are both goalB whither 
converge, and junctions whence diverge, the lines of 
travelling lights. Suppose we choose the hour of deep 
sleep. Then only in some sparse and out-of-the-way places 
are nodes flashing and trains of light points running. 
The great knotted headpiece lies for tho most part quite 
dark. Occasionally at places in it lighted points flash or 
move but soon subside. 

*‘Should we continue to watch the scheme we should 
observe after a time an impressive change which suddenly 
accrues. In the great head end which had becu mostly 
darkness spring myriads of lights, as though activity 
from one of these local places suddenly spread far and 
wide. The great topmost sheet of the mass, whore hardly 
a light had twinkled or moved becomes now a sparkling 
field of rhythmic flashing points with trains of travelling 
sparks hurrying hither and thither. It is as If the milky 
way entered upon some cosmic dance. Swiftly the head 
mass becomes an enchanted loom where millions of flash¬ 
ing shuttles weave a dissolving pattern, always a mean¬ 
ingful pattern though never an abiding one. The brain 
is waking and with it the mind is returning.” 


Based on an address given at the Symposium on Waves 
and Rhythms held on September 16, 1948 in Washington, 
on the occasion of the Centennial Celebration of the Ameri¬ 
can Alftociation for the Advancement of Science. 
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Polarization of Light From Distant Stars 
by Interstellar Medium 


W. A. Hiltner 

Yerkes Observatory, University of Chicago 

I N THE COURSE OF PHOTOELECTRIC OB¬ 
SERVATIONS made last summer with the 82- 
inch telescope of the McDonald Observatory (Uni¬ 
versity of Texas) the writer found that the light from 
distant galactic stars is polarized. Polarizations as 
high as 12 percent were found. The plane of polari¬ 
zation appears to be close to the galactic plane in the 
oases examined. More recently control measures were 
made at the Lick Observatory, thanks to the courtesy 
of Director Shane and Dr. G. Kron; and during 
December the work at the McDonald Observatory was 
extended to different regions of the Milky Way. 

Ill view of the unexpected nature of this result the 
circumstances leading to its discovery are recorded. 
Photometric observations for the detection of partially 
polarized radiation from eclipsing binary stars have 
been in progress at the Yerkes Observatory for several 
years with a view to establishing observation ally the 
effect pointed out by Chandrasekhar that the con¬ 
tinuous radiation of early-type stars should be polar¬ 
ized (1, 2). On the assumption that the opacity of 
early-type stars is due to scattering by electrons, the 
continuous radiation emerging from a star should be 
polarized with a maximum of polarization of 11 per¬ 
cent at the limb. Since the presence of this polariza¬ 
tion can be detected only when the early-type star is 
partially eclipsed by a larger-type companion of the 
system, the effect is masked by radiation from this 
companion so that the expected maximum observable 
effect was only of the order of 1.2 percent in one case 
investigated (RY Persei). 

At this stage Dr. John Hall, of Amherst College, 
proposed to the writer a program of collaboration 
whereby Dr. Hall would construct a “flicker” pho¬ 
tometer which was to be tested jointly at the Mc¬ 
Donald Observatory. Independently the writer was 
developing his own equipment which used polaroids. 
Dr. Hall’s equipment was tested in August 1047, dur¬ 
ing a short session at the McDonald Observatory, but 
no dependable results were obtained and it was found 
that the equipment had to be remodeled. Unfortu¬ 


nately, Dr. Hall was unable to come for a second trinl 
period, scheduled for August 1948. 

Meanwhile the writer's own equipment was completed 
and put to use during the summer of 1948 and was 
found satisfactory. Certain Wolf Rayet stars which 
were known or suspected to be eclipsing binaries were 
examined for polarization. Fairly large polarizations 
were found, but they did not appear to depend on the 
phase of the binary motion . The possibility of instru¬ 
mental polarization was considered, of course, but 
ruled out by control measures on check stars. The 
Wolf Rayet stars give the following results: 


Star 


Polarization 


% 

Position angle 

CQ Cep 

10.0 

62° 

DD 55°2721 

8.0 

44 

WN Anon’* 

12.5 

44 


^Coordinates: 22 h 0fi m + 57°20' (1945); 12.5 magni¬ 
tude. 

The control stars had similar color and brightness, 
but showed no polarization except for one object, 
BD 55°2723, which gave 3 percent. This star, how¬ 
ever, is a giant and more distant than the other con¬ 
trol stnrs. Similar observations made on a group of 
Wolf Rayet stars in Cygnus showed no appreciable 
polarization, while two stars in Scutum gave positive 
results. Other regions, such as the double cluster in 
Perseus, also show polarization with values ranging 
up to 12 percent. 

We conclude from the positive and negative results 
quoted that the measured polarization does not arise 
in the atmospheres of these stars but must have been 
introduced by the intervening interstellar medium. If 
this conclusion is accepted, a new factor in the study 
of interstellar clouds is introduced. Further obser¬ 
vations are in progress for relating this phenomenon 
with other observable characteristics of interstellar 
medium, As hus been stated, the results already at 
hand indicate that the plane of polarization approxi¬ 
mates the plane of the galaxy. 


Haftrukcci , 

L ChanpbaSBKHAr, SI. A Atrophy*. J 1046 , 103, 365 . 2. Hiltnrr, \\\ A. A* trophy 8, J., 1047, 106, 231 . 
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Observations of the Polarized Light From Stars 


John S. Hall 

U. S. Naval Observatory, Washington, D. C. 

P HOTOELECTRIC OBSERVATIONS of the 
polarization of starlight made during’ the 
period November 194H to January 1949 with 
the 40-inch reflector at Washington substantiate the 
hypothesis of W. A. Hiltner (2) that this effect is 
produced by interstellar matter. Furthermore, the 
percentage of polarization appears to be independent 
of wavelength; and the plane of polarization (plane 
containing the magnetic vector and the line of sight) 
appears to have no one preferential orientation. 

The observations were obtained with a photoelectric 
polarizing photometer (1) built at Amherst College 



Fra. I. Star HI) 19A20, a reddened slur of spectra* type 
08. Polarization, 5.0% ; position angle of the plane of 
polarization, +80°. 


in 1946 with the aid of a grant from the Research 
Corporation of New York. The light from a star is 
collimated and directed through a cover glass, which 
serves ns a calibrating device, and then through a 
Glan-Thonipson prism rotated at 15 cycles per second 
to a 1P21 photomultiplier. The 30-cycle voltage, 
developed by the polarized component of the light 
is selectively amplified and mixed with a phasing 
voltage in such a way that the d-c output can be im¬ 
pressed as a sine wave on a Brown recorder. The 
amplitude of this wave is proportional to the intensity 
of the polarized light, and the phase of maximum 
defines the plane of polarization. Records of two 


stars showing large and small percentages of polarized 
light are shown in Figs. 1 and 2. The vertical lines 
represent two-minute intervals. The truce during in¬ 
terval S is-produced by polarized light from the star. 
During interval D a quartz depolarizer is placed in 
the light path, and C is the result when the cover glass 
is tilted 20° about nn axis whose position ungle is 
arbitrarily set at 94°. The starlight was already 
depolarized during the interval C. The plone of 
polurization is defined by the direction of the light 
and the axis about which the glass is tilted. A 29° 
tilt corresponds to 1.4% polarization. 

The percentages of polarization of the light from 
27 early-type stars are shown in Fig. 3 as a function 
of the color excesses determined by Stebbins and 
Huffer (.?). A strong correlation is obviouB; the 



Fig. 2. Star HD 24760, e Peraei. This bright ntHr In nnt 
generally considered to be a reddened D-type stnr. Polariza¬ 
tion, 0.5% ; position angle, -88°. 


scatter, however, is much greater than the accidental 
errors of the observations. 

The dependence of polarization on color was deter¬ 
mined on three nights from observations of t Persei 
using Schott filters UG1 and BG14 for the ultraviolet 
region and RG1 or a Wratten yellow filter for the red 
region. The effective wavelengths of the two spectral 
regions were near 3,700 A and 6,200 A. The observed 
percentages with the ultraviolet filter were 2.0, 1.6, 
and 1.8; and with the red filter, 1.6, 1.0, and 2.2. The 
average value obtained when no filter was used is 1.8 
percent. A. second star, HD 33,203, was observed on 
one night, the result being 1.8 in the ultraviolet, 2.2 in 
the red, and 1.8 with no filter. No definite variation 
of the orientation of the plane of polarization with 
color is indicated by these observations. 
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Fig. 4 shows the observed planes of polarizution for 
28 early-type stars. The amount of polarization and 
the orientation of the plane of each is indicated by the 
length and direction of the line, whose midpoint repre¬ 
sents the position of a star. The group of seven stars 
near the middle of the diagram exhibit a remarkable 



Fmj. 3. Observational evidence nT a correlation between 
color excess and percentage of polnrlzntlnn for corly-rype 
hI ru n. The size of I be circle hullcolch (he weight of (be 
observations. 

similarity in percentages of polarization and orienta¬ 
tions of the planes, which may be a consequence of 
the relative homogeneity of the obscuring inaleriul in 
the direction from which their light comes. 

I have obtained these preliminary results from a 
project initiated in collaboration with W. A. Hiltner. 
j\ly grateful appreciation is expressed to Dr. Hiltner 
and to the Yerkcs nnd McDonald Observatories for 
the use of the 82-inch reflector for a period of two 
weeks during the summer of 1947. Drop He very un¬ 
favorable weather conditions and some difficulty witli 


a new type of photometer, we obtained some evidence 
of polarization in the light from one star, CQ Cephei. 
Accordingly it waB planned to make a second trial at 
McDonald during the summer of 1948 with improved 
equipment, but u second trial could not be made be¬ 
cause of other obligations incurred by my transfer 



J_I_1_1_Li ..._J_1_J__ 

14(7 J20‘ JOCf 80' 6(7 

Galactic Longitude 


Fin. 4. Observational "evidence that there is no one pref¬ 
erential oriental inn of the plane of polarization. Stars 
allowing no iHilarlzatlnn are represented by circles. 

front Amherst to Washington on September 1, 1948. 
With the improved photometer, however, it was easily 
possible to detect polarization in the light from CQ 
Cephei with the 18-inch refractor at the Amherst Col¬ 
lege Observatory. Furthermore, these observations, 
made during the summer of 1948, showed little if any 
change in the amount of polarization with the phase 
of this eclipsing binary star. Meanwhile, Dr, Hilt- 
ner\s independent work presumably had progressed so 
far thut he did not feel justified in accepting my pro¬ 
posal, made in November J948, to prepare a joint 
pnper on our work. 
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Structural Control in the Formation of 
Gneisses and Metamorphic Rocks 1 

W. H. NavbouM, A. F. Hagner, and G. W, DeVore 
University of Chicago , University of Illinois , 
and University of Chicago 

Field work in the Laramie Range, Wyoming, lms let! to 
the concept of migration of chomicul elements along 
planar features such as layering, sehistosity, and mih- 
pnralled, closely spaced fractures in the host rock. Gneis- 
aic structure may develop along and parallel to these 
planar features. Plotting the poles of these planes (as 
shown by strike and dip) on Schmidt hemisphere projec¬ 
tions and plotting the composition of the rocks which the 
poles represent make possible an exact comparison of 
lithologic composition and structural attitude. A large 
number of such projections have been made of Pre-Cum¬ 
brian rocks in Wyoming and Colorado. The results indi¬ 
cate a surprisingly close control of composition of the 
"guest" by structure of the host. Stress with uniform 
orientation over regions of hundreds of square miles dur 
ing each "intrusive" period acted to "open" a set or 
conjugate sots of planes in the host rock. These relict 
pianos in the guest, when projected and contoured in the 
structural diagrams, give the center or centers of the 
most open planar features. The centers of the most, 
open structures for each of the succession of intrusions 
progress linearly across the diagram, indicating progres¬ 
sive shifts In the orientation of regional stress between 
intrusive period*- The schist facies display similar vari¬ 
ations, indicating n close relation between structural at¬ 
titude and facies of guest. The most open centers (pole 
concentrations) for the several schist facies inarch across 
the diagram roughly parallel to the line followed by the 
centers of the time succession of intrusions. 

Detailed quantitative work on three gneisses in Wy¬ 
oming gives a striking mineral variation within each one 
related to an angular variaton of as little as 10° to 20°. 
The line from basic to more acidic gneiss within each rock 
unit is roughly parallel to the ‘ ‘ time ’ 1 line of intrusions 
and the facies line of the schists. 

It is in accord with stress-strain theory to suppose that 
during each spasm of stress, planes of certain attitude 
would have least normal pressure and thus form "open¬ 
ings," whereas others, differently oriented, would have 
most normal pressure and thus lie the most "closed" 
planes of the region. The latter should include the host 
rocks that have suffered least migration of elements. This 
would be the "closed chemical system" portion of au 
area, in contrast to the "often chemical system" in the 

1 Published with the permission of the Director, Geological 
Kurvey, U. S. Department of the Interior, aud the State Ge¬ 
ologist, Geological Survey, Wyoming. 


open structure. Data available are adequate for a pnrtly 
quantitative comparison of structure and composition, 
but the method may be made completely quantitative. 

The viewpoint and method should havo wide application 
in either field or mineral studies of rock facies. In addi¬ 
tion to the^gnpisHOs and schists that have been mentioned, 
amphibolites, dolomites, and iron-formation are examples 
of rocks of variable composition that might be profitably 
studied. Regional correlation of gneissic rocks is pos¬ 
sible. The strnin pattern of a region being "intruded" 
and metamorphosed can now be studied with fairly high 
precision. 

Race of Nucleation of Solid Particles 
in a Subcooled Liquid 

J, C. Fisher, J. H. Hollomon, and D. Turnbull 

General Electric Research Laboratory , 

Schenectady , New York 

There are many instances, particularly in the nu¬ 
cleation of solid particles from a subcooled liquid, in 
which transformation appears to take place only after a 
critical amount of supercooling. For example, in the for¬ 
mation of ice from a cloud of water drops, Cwilong (J) 
and Schaefer (.9) observe snow to form at a critical tem¬ 
perature of about -38° C. Above this temperature, under 
most conditions, practically no ice is observed, although 
the cloud cannot l>e suhcoolod below this temperature 
without rapid transformation of the water to ice. It is 
the purpose of this paper to show that the existence of 
such a critical temperature is consistent with the theory 
of nucleation. 

According to nucleation theory (£, 4 , 5), G ie rate of 
liiiclention of solid crystals in a mol of liquid is 

A= (NtT/h) exp (- AF # /kT), (1) 

where 

AF‘=(16*/3) oVATV (2) 

is the local free-energy change on forming a nucleus of 
critical size, 0 is the solid-liquid interfacial tension, nnd 
AF t is the free-energy change per unit volume associated 
with the transformation. 

Approximating AF T as 

AF T «AH f (1-T/T d ), (3) 

where AH T is the latent heat of fuaion per unit volume 
and T 0 is the equilibrium temperature, the value of In u is 

In A = In (NkT/h) - 16* o' T„ B /3kT AH/ (T« - T) 1 . (4) 

The lowest temperature, T 0 , to which the liquid can be 
subcooled is evidently that for which In AnO, giving 
the relationship 

In (NkT t /h) = 16* 0 - T//3kT c AH/ (T 0 - T c )“. (5) 
When the interfaCial tension, 0 , is known, the above equa¬ 
tion can be solved for T ( ., the minimum temperature to 


February 18, 1949, VoL 109 


SCIENCE 


169 


which the liquid can bn subcooled. Alternatively, when 
the value of T c , is known, the equation can he Bolved for 
the interfacial tension, <j. 

Consider, for example, the freezing of water, for which 
the value of T c is known to be T ( , = -38° C. Taking T„ = 
273“ K, T,. = 235° K, AH„=80 eal/cc = 3.34 (10) fl crgB/cc, 
the value of the ice-water interfacial tension, cr, deter 
milled from equation (5) is 

o = 32.0 ergs/cni*. (6) 

Hr using this value of o 111 equation (1), the rate oj 
nucleation, h, can bo obtained as a function of T: 


T° C 

log )(( ii 

0 

- i 

- 33 

- 10.HP 

-34 

- 0.33 

- 35 

- 5.9N 

-30 

- 3.82 

- 37 

- 1,84 

- 30 

0 

- 39 

4 1,70 

-40 

3,27 

-41 

4.74 

-42 

0.10 

-43 

7,37 


It is of interest to note that the rate of nucleation 
changes by a factor exceeding 10 ,H in a 10° temperature 
range including T, ns midpoint. T,., therefore, resembles 
a critical temperature, in that water cooled to a few 
degrees above T ( , can persist as liquid foT many years 
on account of the small rate of nucleation of ice. How 
ever, on lowering the temperature from u few degrees 
above T,., the rate of nucleation increases so rapidly that 
subcooling below T L . is highly improbable. 

Rvflrtncei 

1. CWil.ONU, II. M. Nulurc, Lund.. HM.’i, IBS, .'115J- 
-. Finher, J, C. IIoli.umon, .1. II., mul Ti'hsbuj.l, D. ./ 
tijipL Phv*., 1048. 19, 775. 
u. SruAUFUii, V. ,T. tivicncti, HHU, 104, 457. 

4. Tea mull, 1)., and Fihiubii, (\ vhrm. Phya., 1PH>, 
17, 71. 

Voj.migHj M. Kinetik dvr Phtwnihildmiff. Dresden-Leip¬ 
zig : Htclnkopff, 1030. 

The Reduction of 2,3,5-TriphenyltetrazoIium 
Chloride by Penicilltum chrysogenum 1 

Roulie Broun Fred end S. G. Knight 

Department of Agricultural Bacteriology, 

Univertity of Witconsin 

The use of the tetrazoliuin salts, especially 2,3,5-t.ri- 
pheuyltetraaioUum chloride, to indicate cell viability is 
nparently well established. TripheiivltetrazoUum chlo¬ 
ride (TTC) has been used to indicate the germinability 
of seeds (.9), and as a histological agent and a reagent in 
rnpid penicillin assays with Staphylacoeru* aureus (4). 

l TUU work was supported in part by a grant from the 
Bristol Laboratories, lac,, Syracuse, New York, and Is pub¬ 
lished with the approval of the direct or of the Wisconsin 
Agricultural Kxpnlinont Station. 


Its use as a reagent, in physiology depends upon the en¬ 
zymic reduction of the soluble colorless triphenyltetra- 
zolium salt to an insoluble carmine red fomn&zan. At 
this laboratory TTC has been used in studies on the 
physiology of the penicillin-producing strains of Pcni- 
cilliun i chtysogenvm. 

Penioiflium chrysogenum Q176 was grown in shaken 
flasks of 2% corn steep solids-2% lactose medium after 
the manner described by Koffler, et at. (£). After har¬ 
vesting, the pellets wore washed free of pigments and 
nutrients, suspended iu M/15 phosphate buffer, and torn 
apart by a 5-sec treatment in a Waring Blendor. After 
blending, a buffer solution of the dye was added to give 
a final concentration of 0.5% TTC. The buffer used 
throughout was et pH 7.2-7.4, because the reduction of 
the dye was retarded at a lower pH and was virtually 
stoppi'd nt pH 6. 

Under these conditions the most active mold cells would 
reduce the dye to a deep red color in 20 mill at 30° C. 
Table 1 shows the relative ability of Penicilliurn chrytto 
genum Q170 of different, ages to reduce the dye to a 
colored fonnazan and gives the penicillin yields at the 
time of harvest. 

TADLK 1 

A Comhelation Hktwekn the Hath ok TTC KEnrrTioN and 
Penicillin Yields uv Mycelium ok Penicilliurn 
chri/Hogrntun (J17M at Dtvtkuknt Auks 


Age of 
mycelium 
( Dilya ) 

Color 

Penicillin 

yield 

(Oxford 

unlfx/ml) 

1 

deep red 

0 

2 

deep red 

0 

3 

red 

0 

4 

pink-red 

0 

Q 

pink-red 

42 

11 

yellow-pink • 

204 

7 

yellow-pink 

440 

8 

yellow (color of mycelium) 

910 


These experiments have been repeated on other peni¬ 
cillin-producing molds with the same results. Thus, if 
TTC reduction is an indicator of cell viability, it is evi 
deul that young nonpenicillin-produciug colls (1-3 days 
old) are much more viable than the older penicillin-pro¬ 
ducing cells (5-7 days old). In other words, penicillin 
is formed by the mold when its metabolic state Is con¬ 
siderably reduced. Tlmt penicillin is formed by the mold 
when its metabolic state ip low or abnormal haB been 
suggested (1)- These findings with TTC have been 
checked with the vital stains Nile blue sulfate and neutral 
red. The cytoplasm of young cells that readily reduced 
TTC stained deeply and homogeneously, while cells 5 to 
7 days old stained unevenly aud showed the granules and 
vacuoles typical of aged cells. 

TTC was reduced only inside the cells and the addition 
of glucose did not change the rate or site af reduction; 
apparently the endogenous activity of the mycelium was 
more than sufficient to reduce the dye. The inhibitor 
KCN inhibited reduction at M/100 final concentration 
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and slowed reduction at M/1,000. Sodium nialonate, 
sodium azide, 2,4’dinitropheool, sodium fluoride, and 
io do ace tic acid merely slowed reduction at M/100 final 
concentration, Undecylenic acid, a fungicidal agent, 
stopped reduction completely, From this lack of specific¬ 
ity for inhibitors it would Hoem that a number of reduc¬ 
ing enzymes acting on materials inside the cell can re¬ 
duce the dye. Aeration by shaking retarded reduction, 
perhaps because it raised the redox potential too high 
(over -0.08 v) or because oxygen competed with the TTC, 

Experiments on the reduction of TTC by Penicillium 
chrysogenum have added proof to the theory that peni¬ 
cillin is formed by a relatively inactive mold. Appar¬ 
ently a number of reductases can reduce the dye to the 
colored formuzun. TTC promises to be an interesting 
and useful reagent in studies on cellular physiology. 
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Existence of a Tryptophan-Niacin 
Relationship in Corn 

Alvin Naaoa 1 

Department of Botany , Columbia Univenity 

The role of tryptophan as a precursor of nincin (nico¬ 
tinic acid) and its metabolites, especially in the presence 
of adequate amounts of vitamin B n , has been demon¬ 
strated by recent investigations with mammals (5, 5-7), 
It has also been shown that tryptophan serves as a niacin 
precursor in the fungus Neuroapora by way of kynurenine 
and 3-hydroxy anthranilic acid (5, 4). On the other 
hand, neither tryptophan nor any of its intermediates 
indicated in NcurOMpora seems to affect niacin production 
in Laotobacillus arabin& 9 un and certain other micro¬ 
organisms (10). It has also been reported that the 
tryptophan-niacin relationship does not exist in the case 
of bean seedlings grown without their cotyledons on syn¬ 
thetic media (9). The present study, however, indicates 
that a tryptophan-niacin relationship, like tlint found 
for certain mammals and Neurospora, may exist in a 
representative higher plant. Experiments in this labora¬ 
tory have demonstrated that the addition of L-tryptophan 
to the nutrient medium results in a significantly Increased 
niacin content in mature excised corn embryos grown in 
sterile culture. 

Seeds of a genetically high-niacin corn (Tennessee 
Inbred 13)2 were sterilized with HgCl 2 and soaked in 
water overnight. The embryos (including scutella) were 
removed Intact by sterile excision and transferred to 
individual Erlenmeyer flasks containing a liquid medium 
consisting of mineral salts, sucrose, aud certain vitamins. 
Two seta of experiments were conducted. 

1 Lalor Fellow. 

1 This seed was kindly supplied by Mr. F. D, Richey of the 
U. S. Department of Agriculture. 


In experiment 1 various combination concentrations 
of L-tryptoplian and vitamin B fl (equimolar quantities of 
pyridoxin®, pyridoxamine, and pyridoxal) were added to 
each 10 ml (per flask) of tho basal nutriont solution. 
The L-tryptophan and B 0 were previously storilizod by 
bacteriological filtration. The embryos were grown in 
the dark at 25” C for 10 days and assQyed for niacin by 

TABLE 1 

Niacin Contknt of Exciskd Cohn Emriiyob Grown’ foij 
10 Days in Dark With Various Concbntration 
Com flt nations of l Tryptophan and Vitamin IL 

Experiment I 


Treatment 
(per embryo) 

Num¬ 
ber of 

em¬ 

bryos 

Aver¬ 
age ag 
iiIhcIii 
)> er 

Needling 

OR 

MneJii 
per g:n 
dry wt 

('out nil 

7 

0.07 

55.8 

i (KJ hB L-lry pi opium -h IOO as 
vitamin Tin 

H 

0.24 

02.7 

100 L-tryptopliHii + 50 pig 

vitamin Bn 

fl 

B.7H 

00.9 

100 ag L-tryptophan + 10 as 
vitamin IL 

0 

0,32 

02.3 

Mean 


0.11 ±0.17* 

02.0 ± 0.0* 

GOO as L-tryptupImii + 100 ac 
vitamin Ilo 

K 

7.1-1 

73,7 

BOO pg L-tryploplmn +■ 50 ag 
vitamin Ba 

4 

C.30 

73.1 

BOO ag L-lryplophnn i 10 as 
vl Inin In IL 

9 

0.54 

70,-1 

Mean 


0.78 + 0.33* 

72.4 ± 1.0* 

1000 pg l tryptophan + 100 og 
vitamin Ba 

8 

8.71 

85.7 

1000 pg L-tryptophan + 50 as 
vitamin Ba 

8 

B.B5 

mi. 3 

1000 ag L-tryptophan ■+ 10 as 
vitamin Ba 

0 

7,79 

80.0 

Mean 


8.35 + 0.29* 

80.3 + 3.5* 


* .Standard error. 


the microbiological method employing Lactobacillus ara- 
binoans ( 1). Experiment T Toveals (Table 1) niacin 
synthesis in excess of that of the controls to be a direct 
function of L-tryptophan supply and to be independent 
of the concentration of vitamin B 0 employed. On a per- 
plant basis niacin was increased as much as 04% over the 
controls when 1,000 ng of L-tryptophan, with various con¬ 
centrations of B fl , were added to the nutrient solution. 

In experiment II the effects on niacin synthesis of l- 
tryptophan and vitamin B 0 individually, as well as in 
combination, were studied. The data (Table 2) show 
that the addition of 1,000 pg of L-tryptophan, singly or 
in combination with vitamin B 0 , resulted in a 35% to 42% 
increase in niacin synthesis over that of the controls on 
both a per-plant and a dry weight percentage basis, Sta¬ 
tistical examination of these data by use of the t test and 
by analysis of variance (multiple classification) ( 8 ) show 
the increase to be highly significant (P < 1%). However, 
the use of L-tryptophan and vitamin B 0 in combination 
resulted in only a 7% to 9% increase in niacin production 
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above that obtuinod by using L-trypfcophan alone. This 
increment is not statistically significant. Nor did the 
addition of vitamin B (J alone significantly increase niflein 
synthesis over that of tlio controls as checked by the same 
statistical procedure. Tlie increment was only 3% to 
5%. The quantitative differences in tlie responses of 

TABLE 2 

Niacin <Yi intent* of Expired Cohn Embryos Giiown 
for 10 Pays in Dark With and Without 


i.-Tii yi’TiiI'han 

Experiment U 

ami Vitamin Bn 

— 

Treatment 
(per embryo) 

Num¬ 
ber of 

pin- 

bryoN 

Average 
pg nliir-lu 
per 

needling 

Average 
pg niaeln 
per gm 
dry wt 

03.4 + 0.1 f 

rmii i ui 

45' 

5.22 ±0 Ilf 

63 pg vitamin Ho 

45 

6.38 ±0.10 

00.3 ± 1.0 

1000 uK L-tryptophan 

35 

0.00 ± 0.28 

85.6 ± 1.5 

63 pg vitamin Its plus 1000 pg 

40 

7.00 + 0,01 

00.1 ± 1.4 

L trypfuphi'n 




* Eucli niacin vhIuc rcprpNenU the mean of 5 

replicated 


Irentuu'ntH, each treatment Involving 7-0 scedllngH. 
t Siamlard error. 


embryos in the two experiments were probably due to the 
use of Heeds from two different crops of the same genetic 
line. 

Niacin assays of the nutrient solutions in which tlie em¬ 
bryos had been grown indicate that a negligible amount 
of niacin (< 0.1 pg por plant) was lost, by the embryos 
to the nutrient medium. 

It would appear from these experiments with excised 
embryos that a tryptophan-niacin relationship exists in 
corn, and that it is independent of added vitamin B () . 
Clarification of the role of tryptophan in this relationship, 
as well as in the normal metabolism of intact corn plants, 
will bo a subject for future investigation. Such informa¬ 
tion will have added importance in view of the char¬ 
acteristically low tryptophan content of com. a 
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A New Method of Freezing Eggs in the Shell 
and Its Possibilities for Further Application 
on Freezing Foods in General 

Socrates A. Raloyereaa 

Department of Agricultural Chemistry and Biochemistry , 
Louisiana State University, Baton Rouge 

Present methods of preserving eggs by freezing require 
Hint the eggs be broken out of their shells, stirred to 
break the membranes, and stabilized by the addition of 
some innterial such as Halt or sugar (.9). The uho of this 
product is limited to bakeries, confectioneries, and similar 
commercial ratald inhments. 

Up to the present time, eggs in the shell hnve been 
preserved only at temperatures above the freezing point 
of water. Ordinary cold storage, a combination of cold 
storage and gus storage (7), and other more or less 
empirical procedures (£') are commonly used. All these 
methods possess certain disadvantages including displace¬ 
ment of the yolk, weakening of the vitelline membrane, 
considerable loss of weight, acquisition of off-odors and 
flavors during storage, and various other minor changes. 

A method lias been developed in this laboratory for 
freezing eggs without cracking tho shell. This minimizes 
tlie above undesirable changes, and the eggs are suitable 
for home use. Furthermore, the resistance of the embryo 
to freezing temperatures is increased, as shown by hatch- 
abilitv tests now in progress. 

The beginning of the process goes back to 1937, when 
the author was working on tho freezing of mushrooms 
at the Low Temperature Institute, Cambridge, England. 
There the idea came to him that if the amount of water 
corresponding to the, expansion of the ice formed by 
freezing were removed uniformly from tho tissues, it 
would probably prevent the disruption of the cells and 
obviate blanching. The preliminary tests at Cambridge 
indicated that this idea, despite the fact that the amount 
of water to he removed from the mushroom was found to 
bo much more than the amount anticipated, was not with¬ 
out merit. Tho work was continued with more or less 
successful results on various oLher products in the lab¬ 
oratory at the Food Research Experiment Station, AthoiiH, 
Greece, where the author was in charge until 1945. Mean¬ 
while, ill 1939, he obtained a Greek patent (f) on a 
process of freezing foods following partial dehydration 
which actually is tho first original and theoretically estab¬ 
lished process of dehydrofreezing. The work was inter¬ 
rupted by the war, but resumed in Louisiana in 1946. 

Since it- appeared that expansion of the ice formed 
from tlie water of the tissues was the primary cause of 
most of the major changes occurring during freezing, a 
study was undertaken of the mechanism of these changes 
by associating them with the drip (the liquid exuded 
from the product during thawing). Adequate methods 
of measuring the drip have been developed (£, 6) t and 
and by their use it has been possible to accumulate a 
multitude of data, to be published later, corroborating 
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tho validity of the assumption that expansion is the pri- and its water-ice curve (&) was estimated to be 6.1%, 
mary factor involved in the changes which occur during The actual experiment showed, however, that elimination 
freezing. One of the controlling factors in the process of a smaller amount (2-3%) was sufficient for freezing 

TABLE 1 

AvjjjHAou Valuks ok Constant 1‘hopebties of Eog Whites and Yolk Before and 
After Treatment (lo a Loss of 8% Wt) 

Before treatment After treatment 


Liquid 


iVrcrnlutfi* of liquid and solid while* .... -41 

RprrJietmilder reading . 14.63 

I>II . 8.32 

Redox potential millivolts at |)II 7.(1 . + 158 

Freezing point . - 0.47 

Expansion liy freezing at 20° F . 7.20 

Hound w liter . 3.22 


Solid Yolk Liquid Holld Yolk 


30 . 4(1 31 . 

14.HI * 48.38 17,17 10.70 48.53 

8.24 0.00 N.HU 8.00 0.07 

+ 150 no i i3H + i3.i + nn 

- 0.52 — 0.58 — 0.7 K -0,58 -0.80 

7,30 2.5 4.85 5.20 2.40 

3. HO 5.83 3.45 3.00 0.005 


of expansion during freezing is the relation whip of bound 
water to free water, which determines also the amount of 
drip. Dehydration affects this relationship as well as 
drip, though to a lesser extent in the freezing of eggs 
than in the case of other products. 




Fios, 1-2. Rates of freezing of the yolk thick 

whites (—-and thin whites of untreated 

(lop) and treated (bottom) eggs. 


Tn the case of eggs the problem was to reduce the water 
content to the extent needed to provide space for the ex¬ 
pansion ot the ice formed hy freezing. The necessary de- 
crease in weight based on the water content of the egg 


eggs under vacuum without cracking. After finding that 
tho treatment docH not greatly change the bound water 
(the amount of which is rather small) of the egg whites 
and yolk (Table 1), the effort of a vacuum upon the 
properties of the egg whites and yolk wiih examined, since 



Fid. 3. Expansion of the white and yolk at the egg. 
A—white: 1, untreated ; 2, treated ; 3, treated and frozen 
under vacuum. B —whole egg* : 1, untreated ; 2, treated ; 
3, treated and frozen under vacuum. C— yolks : 1, un¬ 
treated ; 2, treated ; 3, treated and frozen under vacuum. 

vacuum has been used together with dehydrating agents 
for tho prefreezing treatment. Determinations of the ex¬ 
pansion of the egg whites and yolk before and after 
treatment under vacuum, as well as of their rate of 
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freaking under vacuum, proved tedious until we wero able 
to devise methods which gave reproducible results. The 
details of these methods will he published later. 

The results appearing in Table 1 and graphically in 
Figs. 1-3 show that freezing treated eggs under vacuum 
decreases considerably their expansion during freezing 
and reverses the rate of freezing in the various parts of 
the egg content when freezing takes place at about 20° F. 
Jn the fresh, untreated eggs the white freezes firHt and 
creates a solid wall around the yolk, so that when the 
latter freezes there is no room for expansion mul the egg 
crncks. When the eggs are treated and frozen under 
Wicnum, the yolk freezes first and pushes the white toward 
the shell so that till the room available in the air space 
is used during the expansion of the white. This, of 
course, allows better utilization of the space available 
within the egg, Romovnl of the gas from the yolk, on 
the one hand, and lowering of the freezing point of the 
white by the treatment, on the other, seem the probable 
explanation of this surprising result, A contributing 
factor also is the small decrease in volume of the thick 
white during the freezing of the treated eggs through a 
partial breaking down of its mucin content, due probably 
tn the change of pH under the reduced pressure of CO u 
(7), a fact which is associated with a change in volume. 
In one particular case, where the change of thick white 
to liquid was about 50%, the change in volume was about 
II%■ All these factors working together help to secure 
a better economy of space within the egg during freezing 
and reduce the necessary treatment to a minimum, 
ruder these conditions the treatment does not affect the 
quality of the eggs at all; on the contrary, the whipping 
quality of the white is somewhat improved. The loss of 
weight during storage at 20° F and 85% relative hu 
niidity was, in our experiments, n.]5% per month, in com 
parison with a 0.23% loss obtained during the storage at 
about 32° F. This loss would be still less if tins humidity 
of the rpom were kept higher. Kggs kept in an under¬ 
cooled condition at 23° F for 7 months lost I.H-2.9% 
(RMi and if the tUeoreticul formula developed by Green¬ 
lee (£) is valid, the calculated loss at storage tempera¬ 
tures below 28° F is zero. 
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Reversal to Penicillin Sensitivity in a 
Cysteine-requiring Mutant of 
Salmonella 1 

H. H. Plough and Madelon R. Grimm 
Biological Laboratory , Amber it College 

The action of penicillin in producing bacteriostatic mid 
bactericidal effects is believed to be due to chemical in¬ 
teractions with essential BH and perhaps NH* groups 
in the medium (Hailey and Cuvnlitto, 7), and so a met¬ 
abolic block is produced which may be irreversible. Ad¬ 
ditional evidence for the point of view that penicillin is 
n metabolic antagonist has recently been given by Wilson 
and du Vignenud (?), who showed that L-penicillaniine— 
but not D-penicillumine—inhibits the growth of young 
rats when added to a diet which otherwise permits good 
growth. Whim uminnethanol and methylated derivatives 
wero added to the L-peiiieillamine-eontaiiiiiig diet the in¬ 
hibiting f ffect of the latter was counteracted. More direct 
evidence of specific metabolic antagonism is given by Gale 
and Rod well whose experiments with Staphylococcus 
are interpreted as showing that penicillin nctN to impair 
the ability In assimilate glutamic acid. These investiga¬ 
tors have studied the nutritional requirements of pcnieil- 
lin-aensitive Staphylococcus^ and of resistant strains de¬ 
rived from the original culture by truining or mutation. 
It appears that the parental strains cannot synthesize 
most of the essential nutrilitoa, but can concentrate within 
the cell free amino acids, especially glutamic acid, pro¬ 
vided they are available in the hut rounding medium. The 
mutant resistant strains have lost the ability to concen¬ 
trate free glutamic or other amino acids, but have concur¬ 
rently developed the power to synthesize all these essen 
tial nutrilites within the cell from their inorganic eon 
stitiionls. Since the mutant strains are thus not depend 
cut for growth on the ussimilatory processes they should 
be independent of the antagonistic effects of penicillin, 
as they are. 

These studies still leHve many questions unanswered. 
One of the most obvious concerns the status of the Gram- 
pusitivc organisms like iJarifta* attbtili#, which are hetero- 
trophie, i.e., synthesize all their nutrilites except glucose, 
ret are still penicillin-sensitive. It is of considerable 
interest, therefore, to test the penicillin sensitivity of 
nutritional mutants of other bacteria, particularly those 
that nre originally penicillin resistant. 

We wish to record, one such series of tests in a Gram- 
negative organism, the results of which give excellent 
correlation with the metabolic antagonism theory of the 
action of penicillin. Wo are studying radiation-induced 
mutations in Salmonella iyphimuriitm, a food poisoning 
pathogen which is heterotrophic and Ifighly resistant to 
penicillin, A number of different kinds of mutations 

1 Supported In part by a grant-in-aid from the American 
Cancer Society upon recommendation of the Committee on 
Growth of the National Research Council, 
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have been studied (Plough, 5), some of which were iso¬ 
lated by the methods of Tatum (£) mid show the lues of 
certain enzyme systems normally carrying on specific 
essential syntheses, and so require one or more nutrilites 
in the medium. One of these mutant strains (#10-1) 

T AH LIC 1 


In ternn Linn il) units of penicillin 

Medium ----- 

-1 2 1 0.5 0.25 0.125 0.002 


Original H. 

Infusion hroth LH- 

H.I>. + CnHftmlno acid + 

S.D. + cysteiDO - 

S.D. + tryptophane 
S.D. alone 


///j/ln'mun'Hm #AJi 

-H-+ +++ +++ i 1 y 

+ ++ H + ++ 

+ H' + + 

-t + + 1 


+ 

+ 


+ 

i- r 


Mat ant 

Infusion hrolh 
S.D. + ruHftinlno acid 
S.D. + cysteine 
H, I). -- tryptophane 
S.D. alone 


Min,in #10-1 


i i i + hf tti 
t(- - k +■ I 

4 + + 


isolated after ultraviolet radiation, requires the amino 
acid cysteine, which the parental strain can synthesize. 
Thus we have here exactly the opposite situation from 
that studied in St aphylococcus by Gale and Rod well. The 
original Staphylococcus is Gram-positive, requires amino 
acids in the medium, and is penicillin-sensitive. The mu¬ 
tant strains can synthesize their own utnino acids and are 
penicillin-resistant. Our original Salmonella is Gram- 
negutive, can synthesize amino acids, and is penicillin-re¬ 
sistant. Our mutant cysteine-requiring Salmonella turns 
out to be much more penicillin-sensitive. 

The tests wero made by the tube method of assay 
(Plough, 4 ), using a graded senes of dilutions of peni¬ 
cillin in complete broth medium, and in synthetic medium 
containing dextrose and essential salts 2 plus particular 
nutrilites. Growth readings of visible turbidity were 

made at 24 hours. Results are shown in Table 1. 

* 

It is clear that the mutant strain #10-1 is more 
sensitive to penicillin than the parent strain, both when 
complete infusion broth medium is used and when the test 
is made in synthetic medium with complete nutrilites 
(S.IJ. f Casamino acid), or synthetic with the essential 
cysteine (8.D. 4 cysteine). When synthetic medium and 
tryptophane or synthetic medium alone is used, the es¬ 
sential cysteine is not present, and so there is no growth, 
regardless of penicillin. 

This result brings Salmonella into line with the in¬ 
terpretation of Gale and Rod well, though the wild type la 
the opposite of Staphylococcus, It further supports the 
conclusion that penicillin antagonizes the assimilation of 

■ The composition of the synthetic medium (noted In the 
table as S.D., salts and dextrose) was as follows, after Mac¬ 
Leod (3) : NnCI 5.b0 g; (NUDiBOi 4.72 g ; KHaPO* 2.72 g; 
dextrose 2.00 g; plus 1 ml of a solution containing 1 g each 
of FeCln, MgCLe and CuCli lu 000 ml. Distilled H*0 wan 
sdded to muke 1 1 and pH was adjusted to 7.00 with N 
NaOH. 

When Casamlno acid Is noted It was “Vitamin-free Ca- 
snmlno acid*' Difco, a product hydrolyzed from casein. 


one or more amino acids inside the* bacterial cell. Study 
of the mechanism of the metabolic block and of other 
reactions of other mutant strains is being continued. 
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Inhibition of Salt Accumulation in Excised 
Wheat Roots by 2,4-Dichloro- 
phenoxyacetic Acid 

James F. Nance 

Department of Botany , University of Illinois , Urbana 

Widespread interest in the growth effects of 2,4-di- 
chloroplienoxyacetic acid (2,4-D) lias led to a number of 
investigations designed to reveal its mechanism of action. 
Perhaps the most obvious metabolic effect observed is the 
striking decrease in the reserve carbohydrates of the 
treated tissues ( 6 ). Moto recently, changes in the re¬ 
spiratory activity of treated tissues have been reported. 
Drown ( 1 ) fuund significantly increased CO, evolution bv 
bean seedlings l to 4 days after application of 2,4 D 
spray. Hsueh and Lou {£) report a stimulation of ger¬ 
mination of rice and barley seedlings at concentrations 
of about 100 ppm of 2,4 D and, at higher concentrations 
(up to 1,000 ppm), inhibition of both germination and 
respiration, Increased CO, evolution by the roots of 
dandelion plants 5 to 15 days after the plants had been 
sprayed with 2,4-D mixture was observed by Rasmussen 

(7) . Taylor (10) made detailed studies of O a uptake 
and CO„ evolution of wheat nnd mustard seedlings (18 to 
30 hrs old) treated with 2,4-D solutions of from 0.25 to 
10 ppm. Manometric measurements over a period of 24 
hours principally revealed decreases in both O a and OO a 
exchange in the two types of seedlings, Studies of Smith 

(8) on the stems of 2,4-D treated bean seedlings show 
increases in the respiratory activity of treated tissue when 
calculated on a dry weight basis but decreased activity 
when calculated on protein-nitrogen basis. Control tis¬ 
sues were found to bo significantly more sensitive to 
iodoacetate than 2,4-D-treated tissues under anaerobic 
conditions. Worth and McCabe (lJS) compared the effects 
of 2,4-D on the growth of several species of aerobic, 
facultatively anaerobic, and anaerobic bacteria. Growth 
of the aerobic organisms was greatly inhibited in 3 out 
of 4 organisms by concentrations of from 0.2% to 2%. 
2,4-D. Facultative anaerobes were not inhibited at any 
concentration and were stimulated at concentrations of 
from 0.002% to 0.2% in all cases. Growth of anaerobic 
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bacteria was inhibited oveT a wide range of concentrations 
of 2,4-D. 

Preliminary results of studies concerned with the effect 
of 2,4-D on suit accumulation, which developed from a 
study of the effect of this compound on nitrate assimila¬ 
tion, arc reported below. "Excised roots of 4-day-old 
wheat seedlings wore used as plant material. During the 
growing period the seedlings were supported on Fiber- 
glas gauze stretched tightly over a 2-litor Pyrcx crystal¬ 
lizing dish which contained 0,0001 M CnSO<. The cul¬ 
tures were aerated and the vessels were kept in n dark 
room maintained at 22.0°+ 0.5° O. The plants were 
grown from White Federation 3B seeds harvested in the 
Sacramento valley of California in 1045. Plant material 
in each experimental flask consisted of 45 root segments, 
each 15 nun long, of which 20 were root tips and 25 were 
from more mature sections of the root. Because a less 
sensitive method for the chloride determination was used, 


it was 

necessary to employ Hampieh of 35 

root tips plus 


TAB I, 

,E 1 


Time 
(lire) 

Treatment* 

NO,, 

rihtinrljeil 
(meg x 10 fl ) 

Percentage 
of control 

3 

K X (In 

0.50 

100 

KNOa + 2,4-D 

0.20 

40 


KNO;l 

2.30 

100 

0 

KNOa 4 2,4-D 

(1.60 

20 


KNOa 

H.ao 

100 

U 

KNOg + 2.4 D 

0.90 

27 


* KNOb, 0.001 M ; 2,4-D, 1U ppm. 


dnry effect following upon n general metabolic disturb¬ 
ance. In Table 2 it mny be seen that concentrations 


TABLE 2 

Effect ok Con tenthation on Tnuthttion of 
Nitrate Abhoiiction bv 2,4-D 


2,4-D 

(ppm) 

NO lf 

absorbed* 

1 nicq x 10- ; ‘) 

Perec n tiitfe 
of coni rol 

0.0 

1.00 

100 

0.1 

1.05 

87 

3.0 

1.10 

58 

5.0 

0.05 

33 

10.0 

0.70 

37 

" KNOn In nil cjihch, 0.001 M. 


low aa 0.1 ppm 

are inhibitory. 

Maximum inhibition 


was attained with 5 ppm. An attempt to determine the 
effect of pTI on the toxicity of 2,4-D unexpectedly re¬ 
vealed that KH.,PO, at 0.001 M (used as a buffer) en¬ 
hances the 2,4-D inhibition of nitrate accumulation very 
markedly (Table 3). Til the presence of 0.001 M 
KH u PO„ 1 ppm of 2,4-D restricted the uptake of nitrate 
to form 4% of tho control (pll 4.0) to 14% of the con¬ 
trol (pH 6.0). These results should be compared to the 
effect of the same concentration of 2,4-D alone in 2 other 
experiments reported in Tables 2 and 4, where uptake 
of nitrate amounts to 5H% and 62% of the controls, re¬ 
spectively. Although the inhibition is greater at the 
lower pH, the differences in absolute amounts are not 
large enough to indicate a pH relation conclusively. It 
will be noted that phnsphnte did not lesLrict nitrate up¬ 
take in the absence of 2,4-D. 


100 of the mature sections in the experiments on chloride 
accumulation. 

For the experiments, the root samples were pluccd in 
5 ml of solution containing 0.001 M KNO a or 0.01 M KOI, 
with various additions, and nereted by slinking in a con¬ 
stant temperature bath at 25° 0 for 6 hrs. In the nitrate 
experiments, the culture solutions were decanted from the 
roots, and the roots washed 3 timeH at the end of the 
experiment. Nitrate analyses were made on the com¬ 
bined culture solutions and washings and separately on 
the roots. The phenoldisulfonlr acid method was used 
following a modification of BurstrOm's procedure de¬ 
scribed earlier (ff). Although only culture solution analy¬ 
ses are reported in this paper, analyses on both roots 
and cultures were necessary to determine the effect of 
the treatments on the reduction of the nitrate. In the 
experiments reported below there was no significant 
nitrate reduction in any treatment. Chloride analyses 
wore made according to Fajan's method (11) on an 
aliquot of the culture solution. The 2,4-D used was re- 
crystallized twice from a commercial preparation and 
molted at 1S4 to 135* O (uncorrectod). 

Results of a time study (Table 1) show a marked 
inhibition of nitrate absorption by 10 ppm of 2,4-D 
within 8 hrs. This effect is clearly a primary 2,4-D in¬ 
hibition of the accumulation mechanism and not a secon- 


TAHLE 3 


pH of 
buffer* 

2,4-D 

(ppm) 

NO.f 

nbsorbedf 
(meg x 10 a ) 

Percentage 
of control 

6.0 

0.0 

2.60 

100 

4.0 

1.0 

0.10 

4 

5.0 

1.0 

0.30 

12 

6.0 

1.0 

0.35 

14 


* KUflPCb. 0.001 M nilJunfed to pll ; Indicated with KOII 
or HnSO«. 

t KNO.n In nil cmnph. O.OOl >1, 

Attempts to reverse the effect of 2,4-D were made with 
certain dyeB: methylene blue, quinono, and dichloroben- 
zonone indophenol, as well as iodine, cysteine, sodium 
sulfide, and a normal cellular substrate, citric acid. The 
dyes and iodine, all used at 10 ppm, enhanced the in¬ 
hibitory effect of the 2,4-D to a small degree of question¬ 
able significance. Sodium sulfide (pH fl.0) at 1 x 10- 4 M 
killed the roots; at 1 x 10 -1 M its effect was not signifi¬ 
cant. Cysteine at 1 x 10* M had no significant influence. 
Citrate alone was able to reverse the 2,4-D inhibition. 
Its reversal activity was demonstrated in the presence 
of 1 ppm of 2,4-D and in a second experiment in which 
the roots wore presoaked for 2 hrs in a solution of £5 
ppm of 2,4-D, washed, then placed In KNOg with and 
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without added citrate. The citrate concentration was 0.05 
M in both cases and adjusted to pH 5.0 with KOH. 


TABLE 4 



Reversal uf 2,4-D Inhibition 


Treatment* 

NO,,- 

absorbent 
( met[ x 10 ") 

Percental! 
of contro 

KXOu 


2.50 

100 

KNOa + 2,4-D 


1.55 

62 

KXO> + 2,4-D 

l K citrate 

2.45 

en 

Fro- 




hu a keel 

KNOa 

1.40 

641 

in 

2.4-Dt 

KNOn + K citrate 

a.40 

154f 


presented evidence for the occurrence of two respiratory 
systems in plant tissues^ a cyanide-insensitive system 
which he calls the "ground respiration" and a cyanide- 
sensitive system which be designates the "anion respira¬ 
tion." The latter component he associates with salt ac¬ 
cumulation. As a consequence of the postulated inhi¬ 
bition of a particular respiratory pathway by 2,4-D and 
in order to account for the fact that oxygen consumption 
is not appreciably affected, it might be suggested further 
that as one component of the respiration becomes less 
active h second one may assume greater activity. 

Another general mechanism for the inhibitory effect of 
2,4-D on salt accumulation is suggested by recent work 
with azide, fipicgelman, Kamtm, and Sussman (.9) 
studied the inhibition of unaerobic synthesis in yeast by 


* KNOs, O.OOl M ; 2.4 1), 1 ppm ; K cl Irate, 0.05 M, pH 5.0. 
t Bused on average am on lit of KNOs accumnlnleil by 45 
root segments (controls) In fl hra, from 0 experiments. 

t Roots aerated In a solution of 25 ppm of 2,4-1) for 2 hra. 

Experiments with Kf'l, one of which is reported in 
Table 5, indicate that the 2,4-D inhibition of accumula¬ 
tion is not a specific nitrate effect. 

It was felt that the 2,4-1* inhibition of salt accumula¬ 
tion might be associated with a lower respiratory activity 
in the treated roots. Oxygen consumption by 45 root seg¬ 
ments nt 25° C was measured in a Warburg respiromotor. 
The lower initial values in the third test (Table 6) are 
probably duo to the fact that in this case, after they wore 
cut, the roots stood 3 hra in redistilled W'aier before they 
were placed in the vessels. In the first. 2 tests the roots 
were placed in the vessels as soon as they were cut. 

TABLE S 

2,4-1) Inhibition- ok Chi.oiiidh Aiisuhction 


Treatment 


Cl 

absorbed 
(meq x 10 =) 


Percentage 
of control 


K<’1 (0.01 Ml 1,37 100 

KC1 (0.01 M | + 2.4-1) (10 |Y])iiil 0.70 48 


Alnchlig (4) observed u similar effect with barley seedling 
roots. It may be seen that the oxygen consumption by 
roots after 5-7 hrs is significantly greater in KNO B , 
KXO a plus 2,4-D, and 2,4-D alone than it is in distilled 
water. Differences in oxygen uptake between the roots 
in KNO s , KNO a plus 2,4-D, and 2,4-D alone are prob¬ 
ably not significant in these experiments though it is 
possible that more intensive studieN might reveal such dif¬ 
ferences. It appears tlint the inhibition of salt accumu¬ 
lation by 2,4-D cannot be as conclusively related to 
diminished oxygen consumption ns can its inhibition by. 
various respiratory poisons as described by Machlis (/). 

The results of the present investigation suggest that 
2,4-D brings about a change in the relative amounts of 
energy released by the various possible respiratory path¬ 
ways or components. Salt accumulation, for example, 
might be affected by the 2,4-D inhibition of a particular 
respiratory component. Lundegardh (J) has, Indeed, 


TABLE fl 


Oxygen (‘niiHiiiDpOnu, 
mmVhr/45 root 
segment a* 



5 

£ a *- 


Q 

ri 

■I' 

5 

y 

w 

>, 


y 

% 

X 

H 

* = = 

Ska 
| £ t 

i 

iK 

K 

c 

© 

C 

ci 

s 

nM 

1 

1 Hi 

04.5 

04.5 

115. Ht 

04.It 


7 tli 

54.7 

53.1 

50.71 

4H.2 f 


Change 

- 10.fl 

- 11.4 

- 0.1 

- 20.0 

2 

1 Ht 

58.7 

01.5 

03.41 

5,4.01 


rob 

02.0 

01.5 

oH.nt 

»«.4t 


Change 

+ 8.0 

0.0 

+ 0.1 

- 14.5 

3 

1N t H Ill-H 

40,9+ 


4 7.3 

45.0 


5 th 

5fl.Nt 


52.2 

44.7 


Change 

+ 6.0 


+ 4.0 

- 1.2 

m 

KNOii, 0.0025 

M ; 2,4-D, 

Test 1, 

5 ppm ; Test 

2 and 8, 


10 ppm. 

| Only one vessel in each experiment for those treatments ; 
other rates are average values for two vessels. 

azide. These investigators suggest that azide uncouples 
anaerobic oxidation of carbohydrate from synthesis by n 
replacement reaction which prevents the foYination of 
adenosine triphosphate. The suggestion that an uncoup¬ 
ling of oxidation and phosphorylation may likewise be 
involved in the 2,4-D inhibition of salt accumulation is 
supported by the observation that oxygen consumption of 
the roots is not diminished even though the accumulation 
is inhibited by 2,4-D. 
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Comments and 
Communications 

Directory of Latin-American 
Scientific Institutions 

During the eight years that the Commit tee on Inter- 
Amorienn Scientific Publications lms been in operation a 
large umount of information has been accumulated on 
tlie academies, universities, scientific societies, and other 
scientific institutions, both private mid governmental, for 
all of the Latin-American countries. The renders of 
Science may be interested to know that with the aid of 
a small grant from the Pan-American Union this material 
is now being assembled into a Directory, which will be 
available in printed form later this year. We have had 
tlie assistance of prominent scientists as editorial ad¬ 
visers in each country; consequently, it lias been possible 
to report in considerable detail on the structure of the 
faculties of the leading universities. 

A report on the history and general activities of the 
Jntor-American Committee is in preparation. 

Harrow Shai-ley, Chairman , and 
Christina Buechner, Eirtwutire Secretary 
Newbury Street, Boston, M as nncfut sells 

Direct-writing Instruments for 
Radiocardiography 

In Prinzmetal’s article ou radiocurdiographv (Science. 
September 24, 1948, p. 340) mention is made of a direct- 
writing counter used in this work; however, there is no 
description of the apparatus per se. In no article, nor 
in conversation with members of the Instrumentation 
Branch of the AEG, have we been able to find adequate 
descriptions of such apparatus. 

We have devised direct-writing instruments that are 
very suitable for this work aud are only adaptations of 
standard laboratory instruments. Anyone interested in 
radiocardiography may in this short note find some help¬ 
ful hints for his own use. 

Any counting-rate meteT type nionitoring instrument 
can probably be used in direct-writing counters. In our 
laboratory the Victoreen model 263A has been adapted 
because it happened to be on hand. All that is necessary 
is that leads be attached to each side of the meter. These 
leads are then attached to a linear potentiometer, and a 
portion of the voltage across the potentiometer is fed 
into the ink-writing or photographing Instrument used. 
We have fed a portion of this voltage into a portable 
electrocardiograph and into a viseocardiette, obtaining 
excellent tracings. The only precautions necessary are 
that the potentiometer have high impedance in propor¬ 
tion to the meter of the monitoring instrument so that 
moat of the current flows through the meter (we use a 
ratio of approximately 1000: 1) and that only a fraction 
of the voltage bctosb the potentiometer be used to acti¬ 


vate the EGG string or wire. The response of the ECG 
is linearly proportional to the meter of the monitor over 
the whole meter range. The moderate sensitivity range 
of the monitor is best for use with all writing instruments 
we have used. 

We have recently used the same monitor in conjunction 
with a standard d-c amplifier and ink-writing oscillo¬ 
graph. In this case the lends were set directly into tlie 
amplifier input without interposition of the potentiom¬ 
eter. Again the moderate sensitivity range was most 
desirable, Response of the pen was certainly adequate. 
Slow speed on the paper feed gave best, results. 

Any such setup as has been described has some of the 
following advantages: (1) availability of the parts list'd; 
(2) easy adaptability of the instruments; and (3) the 
use of multichannel ECG machines and ink-writing oscil¬ 
loscopes, which allows simultaneous determination of re¬ 
sults with variation in placement of GM tubes over the 
precordium aud with simultaneous standard ECG records 
using one pair of lends to the multichannel instrument. 
(The multichannel oscilloscope needs a pro-amplifier 
ahead of one d-c amplifier to allow KCG’s to he made. ) 

Capt. Bayne S. Hahhis 
Army Medical Department He search and 
Graduate School, Army Medical Center, 

Washington, 1). C, 

The Highest Laboratory in the World 

In the November 5, 1948, issue of Science, under News 
and Notes (p. 498) the following statement- appeared. 

"Tho highest laboratory in the world, situated on the 
summit- of Mt. Evans, Colorado, at an elevation of 14,loti 
feet, is currently being used. ...” 

1 thought it would be of interest to the readers of 
Science, to mention that, the highest laboratory in the 
world is located in Morococha, Peru (a mining town of 
about 4,000 inhabitants) at mi altitude of 14,900 feet. 
This laboratory belongs to tlie Instituto of Andean 
Biology, Faculty of Medicine of Lima, and it is used for 
physiological and clinical investigations relating to the 
influence of a low pressure environment. At the present 
time a new and larger building is being completed. 

Alberto Hurtado 1 

Faculty of Medicine, Lima , Peru 

A Suggested Contraction for 
f< Desoxyribonucleic Acid” 

I have listened to numerous lectures in which the 
speaker mouthed the 10-syllabled "desoxyribonucleic 
acid” from 5 to 25 times. Such terms as “dopa” aud 
M paba” are in common use by scientists. Why, then, 
could wo not designate this important nuclear con¬ 
stituent by the simple and euphonious contraction 
* 1 dorna ? ’ 1 

Ruth S. Bitter 

Bacteriology Laboratory, Hospital Division, 

Medical College of Virginia 

1 Now visiting medical centers In this country at the Invi¬ 
tation of The Rockefeller Foundation. 
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NEJVS 
and Notes 

Charles F. Kettering, a co-sponsor 
of the Sloan-Kettering Institute fur 
Cancer Research since 1943, 1ms been 
named the chairman of the 1940 fund¬ 
raising campaign of the American Can¬ 
cer Society, for which a minimum gunl 
of $14,500,000 has been set. The drive 
is scheduled for April. 

Robert Fross Rinehart, director of 
the Planning Division of the Research 
aiul Development Bourd since last 
July, has been appointed executive sec¬ 
retary of the Board, to succeed Law¬ 
rence R. Hafatad. 

Parker R. Bearner, Department of 
Pathology at Washington University 
Medical School, has been appointed 
professor of microbiology and iinmu- 
nology and associate professor of pa¬ 
thology at, the Bowman Gray School of 
Medicine, Wake Forest College, effee 
five July 1. 

Leon Campbell, Pickering Memo¬ 
rial Astronomer at the Harvard College 
Observatory, was the guest of honor at 
a dinner held in Cambridge January 
119 and attended by 125 of his col¬ 
leagues. In recognition of his 50 
years’ service to astronomy, he was 
presented an illuminated scroll by 
Donald H. Menzel, associate director 
for solar research in the Observatory. 

W. R. Hatch has boon appointed 
chairman of the Division of Biological 
Scicncos at the (State College of Wash¬ 
ington, Pullman. He is succeeded by 
Noe Higinbotham as chairman of the 
Department of Botany. 

Jack R. Ewalt, director of the Gal¬ 
veston State Psychopathic Hospital 
of the University of Texas Medical 
Branch, has been made administrator 
of the Medical Branch Hospitals, suc¬ 
ceeding B. I. Burns, who has become 
head of the Municipal Hospitals in 
Kansas City, Missouri. 

Adriance S. Foster, professor of 
botany at the University of California, 
hns returned to the Berkeley campus 


from a 6-month trip to South America 
with an extensive collection of tropical 
plants from the Amazon jungle. The 
object of his trip, for which he was 
awarded a Guggenheim fellowship, was 
to make a general study of the mor¬ 
phology and anntomy of certain groups 
of tropical plants. He was a guest in 
vestigntor at the Institute Agronomica 
do Nor to in Brazil while working at 
Return, near the mouth of the Amazon. 

Vincent Salmon, former staff physi¬ 
cist for Jensen Manufacturing Com¬ 
pany, Chicago, will head the sonics sec¬ 
tion of Stanford Research Institute's 
Physics Rose arch Department. Dr. 
Salmon will continue his studies on 
industrial applications of high fre¬ 
quency sound and investigate the rela¬ 
tionship of sonics to underwater and 
aerial acoustics. 

Theodora L, Coolis, zoology teach¬ 
ing assistant at the University of Wis¬ 
consin for the past two years, was 
recently appointed biology instructor 
at Kalamazoo College, Michigan. 

Paul F, Shope has been appointed 
associate professor in the Department 
of Botany and Plant Pathology of the 
Oklahoma Agricultural and Mechanical 
College, 

John F. Fulton, Sterling professor 
of physiology at Yale University 
School of Medicine, will deliver the 6th 
Frnnk Billings Lecture at a joint meet¬ 
ing of the Institute of Medicine of 
Chicago and the Society of Medical 
History of Chicago on February 25. 
His subjoct, commemorating the con- 
tenninl of the birth of William Osier, 
will be i{ Osier as a Humanist.” 

Henry P. Kalmus, formerly at Ze¬ 
nith Radio Corporation's research lab¬ 
oratory, has been appointed to the 
stnff of the National Bureau of Stand¬ 
ards. He will conduct investigations 
in advanced electronic techniques in 
the Bureau's Ordnance Research Lab¬ 
oratory. 

Robert W. Wood, Johns Hopkins 
physicist, was made honorary Doctor 
of Science by Oxford University when 
ho was in England last October. 

Visitors to U. S. 

Sir Harold Spancar Jones, Aetron- 
omer. Royal of England, arrived Feb. 


7 to begin a 3-month lecture tour of 
the U. S. Ills host is 3. A. Mitchell, 
of the Leander McCormick Observa¬ 
tory, University of Virginia. 

Godfrey S. Delatour, former stnff 
member of the Universities of Berlin, 
Frankfort, and Pnris, has been named 
visiting lecturer in the University of 
Illinois Department of Sociology and 
Anthropology. Prior to his recent ap¬ 
pointment, Dr. Delatour lectured at 
Columbia University. 

Colin White, formerly a lecturer at 
the University of Birmingham, Eng¬ 
land, recently accepted a 2 year ap¬ 
pointment as assistant professor of 
physiology in tlie School of Medicine, 
University of Pennsylvania. Dr. 
White’s appointment was made with a 
view to promoting the exchange of 
teaching mid research ideas between 
the IT. 9. and other countries. 

Grants and Awards 

Great Britain’s Royal Photograph¬ 
ic Society hus awarded its 1948 
Progress Medal to Loyd A. Jones, 
head of Kodak Research Laboratories' 
physics department. Dr. Jones re¬ 
ceived tlm honor for bis contributions 
to the use of photographic sensitometry 
in the manufacture and control of pho¬ 
tographic materials. He will go to 
England in May to deliver the Hurter 
arid Driffield Lecture before the So¬ 
ciety. 

The University of California at 
Berkeley has been grantod $100,000 
by the Rockefeller Foundation for 
equipping the new Virus Laboratory 
headed by Wendell Stanley, Nobel 
Laureate who recently joined the fac¬ 
ulty. The funds will be available for 
the three-year period 1940-01. A 
$10,000 ultracentrifuge is already in 
use at the laboratory and an electron 
microscope will be added soon. 

Applications for grants from the 
Cyrus M. Warren Fund of the 
American Academy of Arts and 
Sciences should be received by the 
chairman of the Committee, Frederick 
G. Keyes, Massachusetts Institute of 
Technology, not later than April SO. 
Grants are made in aid of chemical re¬ 
search—generally foT apparatus or 
supplies, or for the construction of spe¬ 
cial facilities needed for research in 
chemistry or closely related fields. Be- 
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cause of limited resources, the amount 
to an individual is seldom more than 
$300. Application blanks may be ob¬ 
tained from the chairman. 

The Robert Gould Research Foun¬ 
dation of Cincinnati has made a grant- 
in-aid of $5,000 to The Johns Hopkins 
University for research in 1040 by 
E. V. McCollum, professor emeritus 
of biochemistry, School of Hygiene 
and Public Health of the University. 
The fund will enable Dr. McCollum to 
continue his study of the chemistry of 
nutrition, particularly the problem of 
separating amino acids in pure form. 

Fellowships 

A fellowship in obstetric and 
gynecologic endocrinology is offered 
to qualified M.D. 's for work under 
A. E. Hnkoff at the Jefferson Medical 
College and Hospital. Applicants for 
the fellowship, which will be avail 
able about May 1, 1949, should com* 
lminiente immediately with Lewis C. 
Scheffey, Professor of Obstetrics and 
Gynecology, Hcnd of Department, and 
Director of Division of Gynecology, 
Jefferson Modicnl College nnd 11 os- 
pitalj Philadelphia 7. 

The New York State Department 
of Health is offering fellowships of 
$3,600 per year for the training of 
physicians to qualify for public health 
positions in the state. The training, 
for one year or more, is for health of¬ 
ficers, tuberculosis physicians, clinical 
consultants, and laboratory directors. 
Further information and application 
forms are obtainable from Franklyn 
11. Amos, Director of the Office of 
Professional Training, New York State 
Health Department, Gov. Alfred E. 
Smith State Office Building, Albany 1. 

Colleges and Universities 

The University of Massachusetts 

luis inaugurated an instruction and 
research program in physiological and 
chemical aspects of radioactivity. In 
connection with the safety program, 
Austin M, Bruea, of the Argonne Na¬ 
tional Laboratory, recently lectured on 
*' Biological Consequences of Radio¬ 
activity." The research program, 
which is aided by the National Re¬ 
search Council's Committee on Mater¬ 
nal Health, is already under way. It 


involves problems of radioactive phos¬ 
phorus transfer in relation to sperm 
metabolism. 

Members of the Johns Hopkins 
University faculty present a televised 
program each Friday night at 9:00 
over the Columbia Broadcasting Sys¬ 
tem network. The series, called "The 
Johns Hopkins Science Review," of¬ 
fers demonstrations of basic principles 
in various fields of science and illus¬ 
trates work being done in the Hopkins 
research laboratories. The February 
programs are on insect repellents, art 
applied to medicine, the human heart, 
and Hiijiersunic flight. Televiewers are 
invited to Hend in topics which they 
would like to see presented. 

Frontiers in Chemistry, the 8th 

minimi lecture series of Western Re 
serve University will bo hold in Cleve¬ 
land beginning March 4. The first 
group of 5 lectures on "Recent Ad¬ 
vances in Physical and Inorganic 
Chemistry" will bo given on successive 
Fridays March 4-April 1 in Room 27 
of the Arlclbcrt College Main Building. 
The second group of 5 lectures will 
also be held on Fridays—April 15- 
May 13. Each speaker will present 
two related lectures, one from 5:15 
to 6:05 p.m. and the other from 7:45 
to 8.35 p.m. Admission fee to each 
group of lectures is $10,00. Tickets 
for individual lectures will not be sold. 
Approximately 200 tickets are avail¬ 
able for each group. They may be 
purchased at the lecture room on open¬ 
ing night or from the University Regis¬ 
trar, Western Reserve University, 
11105 Euclid Avenue, Cleveland 6, 
Ohio. 

Summer Programs 

Purdue University announces its 
second annual Short Course for Mold 
Technicians to be held July 11-23 on 
the University campus. The course, 
under the direction of C. L. Porter, 
professor of botany, will include the 
study of mold manipulation and>iden¬ 
tification, and physiology of fungi. 
The fee will be $100, including sup¬ 
plies. Further information mny be ob¬ 
tained by writing to M. M. McClure, 
Division of Technical Extension, -Pur¬ 
due University, Lafayette, Indiana. 

The University of Pittsburgh 

Chemistry Department will give sum¬ 


mer courses, June 7-August 20, in in¬ 
organic, analytical, organic, and phys¬ 
ical chemistry, carrying 8 semester 
credits, the equivalent of a full year's 
work. If there is sufficient demand, a 
course in biochemistry may also be 
given. Students may register for the 
4-woek (one-somostor) or for the 8- 
weok (full-ycRT) work. "The Chemi¬ 
cal Elements and Their Compounds, ’ ’ 
a continuation of last summer's course 
on "Fundamentals of General Chemis¬ 
try for Teachers," will be held June 
27-August 6. This course carries 2 
credits. For further information, 
write Alexander Silverman, Depart¬ 
ment of Chemistry, University of Pitts¬ 
burgh, Pittsburgh 13, Pennsylvania. 

Meetings and Elections 

The Torrey Botanical Club re¬ 
cently elected the following officers for 
1949: president, Edwin B. Mntzke, 
Columbia University; 1st vice presi¬ 
dent, Charles A. Berger, Fordhuni Uni¬ 
versity; 2nd vice president, Marion 
A. Johnson, Rutgers University; cor 
responding secretnry, Jennie L. S. 
Simpson, Hunter College; recording 
secretary, Donald P. Rogers, New York 
Botanical Garden; treasurer, Elva 
Lawton, Hunter College; editor, 
Harold W. Rickett, New York Botani¬ 
cal Garden; business manager, Harold 
H. Clum, Hunter College. 

The American Mathematical So¬ 
ciety will hold its 443rd mooting on 
February 20 in the Pupin Physics Lab¬ 
oratory, Columbia University, Now 
York City. The Society 'a 444th meet¬ 
ing will be held on the same date in 
Eckhart Hull, University of Chicago, 
Chicago. The 445th meeting will take 
place April 1-2 at Duke University, 
Durham, North Carolina. 

An International Conference on 
Science Abetracting is being convened 
by Unesco, to moot at Unesco House 
in Paris June 20-25, 1949. A work¬ 
ing paper for the conference is in 
preparation by Th6r£se Grivet, making 
use of the analytical survey of ab¬ 
stracting services prepared for Unesco 
by the International Federation for 
Documentation at the Hague. 

In addition to the voting represen¬ 
tatives from the United Nations 
Member States, there will be repre- 
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sen tati ves from many international 
organisations having special interest 
in science documentation. Not only 
representatives of abstracting services 
but also working scientists, science li¬ 
brarians anrl documental ists will be 
invited. Observers are welcome. 

The conference will receive and dis-' 
cuss a report on the present state of 
science abstracting, explore alternative 
abstracting techniques, and discuss 
such problems ns language difficulties 
and means for improving the accessi¬ 
bility of publications (inter-library 
loans, photocopying, etc.). It will also 
make proposals for improving ab¬ 
stracting service through standardized 
bibliographies, terminology, and lay¬ 
out, and through greater cooperation 
among services by subject and lan¬ 
guage to effect economies and eliminate 
gaps. 

Further information on the Confer¬ 
ence may be had by writing J. B. 
Reid, Program Specialist for Scientific 
Literature, ITnosco, 19, Avenue K16ber, 
Paris 16. 

Michigan State College will hold its 
annual Dairy and Food Inspectors 
School April 4-7. Those interested 
may obtain full details of the School 
and a copy of the program from W. L. 
Mnllmann, Department of Bacteriol¬ 
ogy and Public Health, Michigan State 
College, Fast Lansing. 

BAAS Meeting at Brighton 

The 110th meeting of the British 
Association for the Advancement of 
Science, held in the southern England 
seaside town of Brighton in Septem¬ 
ber last, was criticised by many as 
formless and lacking inspiration. 
There was some justification for this 
view when the inevitable comparisons 
were made with the highly successful 
previous year's meeting, held in the 
Scottish University town of Dundee, 
whore there werB 1,760 local members 
as against Brighton's 150, and where 
there was an exciting theme, " Swords 
into Ploughshares," whilst Brighton's 
meeting had none. 

Yet there was a certain eoheaiveness 
at Brighton, due entirely to the mas¬ 
terly presidential address of Sir Henry 
Tisard, F.R.S. The keynote of his 
words was the great need to increase 
industrial productivity, and many of 


the discussions in the various sections 
fitted into his lead. 

Sir Henry spoke a day after Sir 
Stafford Cripps, the Chancellor of the 
Exchequer, had told the powerful 
Trades Union Congress that Britain 
needed to use more brain in tackling 
the problem of productivity. Without 
referring directly to that spoecli, Sir 
Henry (the key figure in Britain in 
the application of science to_ social 
needs, as he was then president of 
the British Association, and is now 
chairman of three Government bodies: 
the Advisory Council on Scientific Pol¬ 
icy, the Industrial Productivity Com¬ 
mittee, and the Defense Research 
Policy Committee) proclaimed what 
"more brain" could do. 

Sir Ilenry made it clear that wliat 
was needed was not the general ex¬ 
pansion of research —* 1 certainly not 
the expansion of Government research 
remote from the everyday problems 
of industry"— but to apply what was 
already known. The productivity of 
labour was far lower than it could be 
if the results of past research were 
more resolutely and continuously ap¬ 
plied. There was a need, he said, for 
well-trained management in industry, 
in which technical efficiency was the 
concern of engineers and technologists 
who had intimate contact at all levels 
with scientists responsible for research 
and development. In other words, 
scientific thought and influence should 
be present in the whole process from 
research to production and use. 

This country needed also to main¬ 
tain a high standard of teaching in 
the schools, or the next generation of 
scientists would suffer. In the long 
run—Sir Henry went on—the expan¬ 
sion of research would fail to produce 
the hoped-for result unless education 
in the higher branches of technology 
was promoted. Finally, he drew at¬ 
tention to the social problems of 
great complexity that had arisen from 
the development of preventive medi¬ 
cine. A growing world population was 
competing for limited supplies of 
food, and the numbers reaching the 
sixth and seventh decades of life was 
growing greatly. He believed that 
whatever new comforts and luxuries 
might be provided in futuTe by the 
advance of physical science, it was on 
the development of the biological sci¬ 


ences that the peace and prosperity of 
the world would depend largely. 

On the next day, In his presidential 
address to the Economics Section, Sir 
Hubert Henderson rebuked economists 
who were among "the most extrava¬ 
gant propagandists of go-easy illu¬ 
sions, the most pushing salemen en¬ 
ervating fools' paradises," for not 
appreciating the magnitude of the 
effort required by Britain to surmount 
her economic difficulties. In present 
conditions, he said, controls were use¬ 
ful and sometimes indispensable. 

AnotheT economist, Mr. S. R. Den¬ 
nison, declared, however, that it was 
exaggeration to say that almost every¬ 
thing—the effects of the war years, 
the lack of incentive in inflation con¬ 
ditions, the effect of direct taxation on 
incentive, and the seller’s market for 
labour, for example—except official 
exhortation, was directed towards en¬ 
couraging a slow working pace. The 
chief cure, then, was to croate condi¬ 
tions which encouraged increased ef¬ 
fort. There were no simple formulae 
of technology or organisation which 
could take its place. The confusion of 
thought on productivity was, ho be¬ 
lieved, a factor contributing to the 
misdirection and waste of resources 
which were the distinguishing mark of 
the present situation. 

The psychologists agreed that there 
was a need to create conditions which 
encouraged increased effort: but their 
approach was different from that of 
Mr. Dennison. "The dominating fact 
in this matter of incentives,'' said 
Mr. Nigel Balchin, "is that our old 
purely financial concepts are bankrupt, 
that in our world today the nature of 
incentives is nothing more than the 
nature of human motivation, that 
‘workers' are nothing less than the 
human race, and that 'work' is and 
must be nothing leas than life. It is 
as simple as that and we cannot avoid 
the tremendous implications of , that 
simplicity.' 1 

He was reinforced by Mr. Adam 
Curie, who believed we had "to con¬ 
sider the structure and orientation of 
society rather than specific goals whose 
impetus will not long outlast, in our 
adverse environment, their applica¬ 
tion. 11 And by Professor C, Ah Mace, 
who declared there was no very short¬ 
term policy which offered a promise of 
meeting the present demand for a 




February 18, 1949, VoL 109 


SCIENCE 


181 


stronger "will to work," The foun¬ 
dation of a satisfactory incentive sys¬ 
tem lay in vocational guidance, voca¬ 
tional education, and the organization 
of a social and industrial order in 
which cooperation sprang from pur¬ 
poses genuinely shared by those who 
needed to cooperate. 

The problem of productivity is not 
onp that concerns industry alone,. It 
is important also in agriculture: for, 
hh l)r. G. Scott Robertson pointed out, 
the world is onco more facing the 
problem of want with the passing of 
the period of plenty. The world's 
population is increasing by 20,000,000 
per annum, and we are pledged to 
raise the standard of living of back¬ 
ward countries. 

Although the situation was grave, 
Dr. Robertson was not pessimistic. 
“If a peaceful world were to sot it- 
welf the task of applying the knowledge 
we already have in preventing soil 
wastage by erosion, in increasing pro 
d action by irrigation, by the applica¬ 
tion of the exacting knowledge of 
plant breeding, by application of ferti¬ 
lisers, by the mechanisation of work on 
the land, not forgetting the electrifica¬ 
tion of the farm buildings and homes, 
and by developing rapidly the appli¬ 
cation of geneticnl science to the 
breeding of our farm animals the world 
over, it would, at a very conservative 
estimate, be possible to double and 
even treble our production of food in 
u relatively short time." The effect 
ive application of existing knowledge 
in Britain and the U.8.A. would raise 
agricultural output by at least 50 
percent. 

It was also necessary to cut down 
the gigantic losses due to the diseases 
of crops and stocks and the depreda¬ 
tion of pests, and insects. Between 
harvest and consumption there is de¬ 
stroyed every year, by mites, pests and 
rodents, grain equivalent to all the 
food traveling into international trade 
—about 05,000,000 tons. 

Sir John Russell, F.R.S., underlined 
these words by pointing out that while 
population was steadily increasing, the 
area of agricultural land was steadily 
diminishing. "We need a new type 
of agricultural research," he said, 
‘ ( corresponding to the operational re¬ 
search of large-scale industry. It will 
he necessary to study closely the meth¬ 
ods of the best fanners (who hold 


more than half the total number of 
farms and nearly two-thirds of the 
land). A detailed study of these suc¬ 
cessful enterprises should show the 
principles underlying their success and 
open the way to some advance com¬ 
parable with that from the three-field 
system to the Norfolk rotation," 

Reports were given by two geneti¬ 
cists—Mr. Gordon Haskell and Mr. H. 
P. Donald—on inbreeding and hybrid 
vigour jn crop improvement and live¬ 
stock production. Inbred strains of 
corn hybridised together produced off¬ 
spring showing increased vigour, such 
hybrids often surpassing both parental 
varieties in yielding capacity. In the 
17.8.A. 02,000,000 acres out of 90,- 
000,000 under maize wo re sown with 
hybrid corn (or maize). The hybrid 
seed was being introduced into Europe, 
with good results. The same technique 
whs being used for chickens, with 
great success. 

Or. Michael Graham described how 
mathematical theory was being ap¬ 
plied to fishing, allowing the proper 
application of data of fishery research, 
so as to calculate the yield of a fishery 
under various rates of flailing and 
other conditions. One formula had 
been used with success to forecast cer¬ 
tain catches for the past three years. 

A grave warning was given by Pro¬ 
fessor J. D. Bernal, F.R.8., that the 
extremely rapid increase in the utili¬ 
sation of materials of all kinds in in¬ 
dustry and agriculture was beginning 
to be on such a scale that it affected 
the actual available supply of many of 
the elements and threatened to ex¬ 
haust their moat concentrated deposits 
in u matter of decades, lie described 
how in an industrial system elements 
did not remain in any fixed place, but 
underwent a cycle in which they were 
combined in different ways with other 
elements, and where they were con¬ 
centrated, dispersed, and again con¬ 
centrated. 

A careful examination was needed 
of every phase of the utilisation cycle 
in conjunction with that of the whole 
industrial process, with particular re¬ 
gard to the possibilities of rosearoh iu 
making processes, especially the re¬ 
covery process, economic. The most 
important new idea, essential to any 
effective utilisation of the elements, 
was that no element should be em¬ 
ployed where its particular properties 


were not utilised to the full. One way 
of ensuring such economic use of ele¬ 
ments was by the extension of func¬ 
tional specification to the widest num¬ 
ber of cases, that is, not a specifica¬ 
tion for the use of a certain element, 
but a specification of the fabrication of 
a product with such and such physical 
or chemical properties. 

Conservation of manpower was a 
feature of the discussion of the prob¬ 
lems of old age. Describing the 
aged as " a new reservoir of produc¬ 
tive power for the nation," Sir Ernest 
Rock Carling denied that there was 
any warrant for persons to retire at 
00 or 65. This was dictated on socio¬ 
logical, and not on biological, grounds. 
The number of healthy and indepen¬ 
dent old people (6,000,000) completely 
overtopped the ailing, the sick, and 
the decrepit (200,000). The disabili¬ 
ties of age could bo offset by intelli¬ 
gent adaptation: and at work the old 
showed loss psychological weakness 
than the young, and were a good 
steadying factor. To help the indi¬ 
vidual in ill hcnlth, it was not drugs 
that were needed, but personal effort, 
bodily and mental activity, occupation, 
and interest. 

Much attention was paid to the role 
of the colonies in helping Britain to 
meet her fond problems. The geog¬ 
rapher here made a special claim for 
full use of his abilities. "For otir 
own good name," said Lord Renucll 
of Rodd, "the social geographer must 
be called in to play his very large part 
in adapting our changing conceptions 
of African administration, and in 
seeking to rationalize the mess which 
western European nations, including 
ourselves, have made in the African 
continent." Many other significant 
aspects of the Commonwealth wore 
discussed—such as the problcm o f 
emigration from Britain and the ur¬ 
gent need for a colonial atlas. 

There was much misgiving about 
the training of the scientist and of 
the young worker in industry. Pro¬ 
fessor John Reed, F.R.S., in a delight¬ 
ful paper on Specialisation and Cul¬ 
ture in Chemistry, showed how bud 
were the consequences of specialisation. 
His words have a general application. 
‘ ‘ We ought at least to take what steps 
we can to combat the narrowing out¬ 
look which now threatens to affect 
science students at all levels/ 1 he said, 
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"and we ought particularly to hear in 
mind their social, cultural and spiri¬ 
tual needs .' 9 He ended with the 
words: "Ending as wo began, upon 
an alchemical note, wc realize that the 
microcosm of man has its roots and 
being in the macrocosm of the outer 
world, with which it is one. As Salo¬ 
mon Trismosin wrote in the heyday of 
alchemy : 

Study now whereof Uiou'rt nnrt ; 

So Milult thou see of what thou art; 

What thou Bt.udleal, learn’st ami art. 

Or thiiL It la thou formcHt part. 

All that 1 r n round without us 

In eke within us. Amen.” 

On the needs of youth in industry, 
Mr. F. Bray was outspoken. 1 * What 
is wanted at the moment, 1 ' lie declared, 
"is better accommodation, more up-to- 
date equipment, more good teachers, 
good libraries, and good social ameni¬ 
ties—indeed all those things which 
encourage students to make th tun selves 
efficient workers and good citizens." 

In reviewing this meeting for ‘ 1 The 
Times 7 ' of London, I concluded: "All 
in all, in spite of the proper absence 
of a single set theme at the Brighton 
meeting, it Lub been made clear that 
workers in nearly every held of the 
advancement of science have been 
turning attention, like Sir llenry Tiz- 
ard, to the contribution which they 
can make to remedying the world T s ma¬ 
terial troubles. Tot, nt the same time, 
it has been made equally clear that 
science goes forward, as it must always 
go forward, in pursuit of the truth 
wherever it may lead, and among the 
chief memories of the Brighton Con¬ 
ference will be such notable events as 
Sir Lawrence Bragg's classic presi¬ 
dential address to the mathematics 
mid physics section on Recent Ad¬ 
vances in the Study of the Crystalline 
State. 

This year the British Association is 
to hold its meeting in Newcastle, in 
the North Country, The president is 
Sir John RubboII ; and the presidents 
of the various sections are: Sir Harold 
Spencer Jones (Physics and Mathe¬ 
matics), Sir Alfred Egerton (Chemis¬ 
try), Professor W. J. Pugh (Geology), 
Professor A. C. Hardy (Zoology), Pro¬ 
fessor L. Dudley Stamp (Geography), 
Sir Alexander Gray (Economics), Sir 
Arthur Fleming (Engineering), Mr. 
M. C. Burkltt (Anthropology and 
Archaeology), Professor R. A. Peters 
(Physiology), Professor G. H, Thom¬ 


son (Psychology), Professor Lily New¬ 
ton (Botany), Sir F. Clarke (Educa¬ 
tion), Professor N. M. Comber (Agri¬ 
culture). Maurice Goldsmith 

Deaths 

W. D. MacMillan, 77, professor 
emeritus of astronomy and mathema¬ 
tics, University of Chicago, died No¬ 
vember 14. 

W. S. Hall, 87, professor emeritus 
of mathematics at Lafayette College 
and charter member of the Mathema¬ 
tical Association of America, died 
December 17. 

Vincent H. Morris, 50, chemist-in- 
charge of the Federal Soft Wheat 
Laboratory at the Ohio Agricultural 
Experiment Station, Wooster, died 
January 17 at Wooster, Ohio. 

John E. Weeks, 95, author and 
professor emeritus of ophthalmology 
at. New’ York University, died Febru¬ 
ary 2 while vacationing in La Jolla, 
California. Co-discoverer with Robert 
Koeh &i the Keeh Weeks hncillus, Dr. 
Weeks received the Ophthalmological 
Research Medal of the American Medi¬ 
cal Association in 1026. 

Rudolf Samuel, 52, author and pro¬ 
fessor of physical chemistry at the 
Haifa Technical College, died in Tel 
Aviv February 3. 

Hans Wollenweber, 09, Gorman 
plant pathologist, died February 3 in 
Washington, D. C. l)r. Wollenweber, 
who had worked in the U. 9. Depart¬ 
ment, of Agriculture for several years, 
uamtj to the U. S. last fall, planning 
to become an American citizen and 
continue his research work here. 

Henry V. Gummere, 78, emeritus 
lecturer in astronomy at Huvorford 
College, died February 9 at his Phila¬ 
delphia home. 


A joint U. S.—Australian expedi¬ 
tion, sponsored by the National Geo¬ 
graphic Society, the Smithsonian In¬ 
stitution, and the Commonwealth of 
Australia, has recently returned from 
Arnhem Land, the Stone Age country 
of northern Australia. The naturalists 
spent B months there (see 3oiencv t Feb¬ 
ruary 20, 1948, p. 190) and brought 
back a collection of more than 10,000 
fish, 350 birds, and 400 mammals— 


some of them previously undescrlbed. 
They also learned much about the cus¬ 
toms and relics of the natives. One of 
the most significant archeological dis¬ 
coveries of the expedition was the com¬ 
plete Stone Age hatchet unearthed by 
Frank M. Setzler, Smithsonian anthro¬ 
pologist. Countless pieces of chipped 
quartzite, Bhaped to a cutting edge, 
had been found previously in niRny 
parts of eastern Australia, as well rb 
A rnhem Land. The discovery of the 
hatchet—one of the scrapers attached 
by cement to a handle—established 
conclusively the use of this tool by the 
early Austro linn aborigines. 

A new laboratory for studying 
range-finder performance has been 
established at the National Bureau of 
Standards with the cooperation of the 
Army Ordnance Department. It is 
under the direction of I. C. Gardner 
mid is equipped with a temperature- 
controlled test chamber and an opticnl 
range finder that simulates a target 
for eight different ranges under condi¬ 
tions corresponding to n wide rrnigo of 
climate. The new laboratory permits 
a systematic analysis of the various 
components of the error of a given 
range finder and has thus been useful 
in suggesting improvements in design. 

The Naval Ordnance Laboratory's 

new central unit at White Oak, Mary¬ 
land, was recently dedicated and is 
now an integral part of the $35,000.- 
000 project for research in modem 
armament. Begun during the war, tlio 
Laboratory now utilizes 00-odd perma¬ 
nent buildings as well fih 34 temporary 
structures, and has 9 more permanent 
buildings under construction. 


The AAAS Membership Of¬ 
fice, 1515 Massachusetts Ave¬ 
nue, NW, Washington 5, D. C., 
will appreciate any information 
concerning the present addresses 
of the following people, all life 
members, whose names and lost 
known addresses are as follows: 
A. W. Elliott, New York City; 
Mary L. Jackson, Pittsburgh; 
Fred I. Lackenboch, Ban Fran¬ 
cisco; J. D. Mannor, New York 
City; Shlgeo Yamanouchi, Uni¬ 
versity of Chicago. 
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Luminescent Solids (Phosphors) 

H. W. Leverenz 

Radio Corporation of America, RCA Laboratories Division, Princeton, New Jersey 


I T IS A CURIOUS FACT that man synthesized 
and used luminescent solids long before detecting 
luminescence from the natural luminescent solids 
which have existed on this earth since its genesis. 
About 350 years ago, the alchemist Casciarolo chanced 
to heat some native barium sulphate with charcoal 
and noticed that after exposure to daylight the cooled 
impure sulphide product glowed feebly in the dark. 
This mysterious solid, which was called a phosphor or 
phosphoros (Greek, “light bearer”), antedated the (Re¬ 
covery of the chemical element phosphorus by about 
70 years. Because the similarity of terms has caused 
some confusion, it should be noted that the lumines¬ 
cence of a phosphor ib a solid-phase physical (elec¬ 
tronic) action which occurs throughout the inass 'and 
which may continue indefinitely when the phosphor is 
in a vacuum; whereas the luminescence of the element 
misnamed phosphorus results from a gas-phase chem¬ 
ical action which occurs only at the surface and which 
ceases when the phosphorus is consumed or placed in 
a vacuum. 

At the time phosphors were first prepared, daylight 
was the only known means for their excitation, and 
bo luminescence was observable only when it was ex¬ 
citable by daylight and persisted long enough for the 
phosphor to be taken into a dark place. With the 
development of modern electronic and radioactive 
sources of invisible radiations, phosphors have been 
used not only for instantaneous detection of ultra¬ 
violet, X-rays, cathode-rays, alpha particles, etc., but 
also as a means of putting these invisible forms of 
energy to work in television, radar, electron micro¬ 
scopes, “fluorescent 11 lamps, infrared sniperscopes, 
X-ray fluoroscopes, and self-luminous dial markings. 
This article briefly outlines the present status of man¬ 
made phosphors, whose variety and capabilities 
greatly exceed those of the known natural luminescent 
solids. More detailed information may be obtained 
from the references At the end of this article. 1 

Before proceeding, it is worth emphasizing that the 
technology of phosphors, like that of other strueture- 
and impurity-sensitive, electronically active solids 
(«.£., photoconductors, semiconductors, ferroelectric 
and ferromagnetic materials), is in the process of 
growing from the status of an art to that of a science. 

‘Most of tbs information la this article to abstracted 
from the ■athor'a book, Introduction to temimMitoi 0 / 
.eon**, tfaw Tofffc: John Wiley, in pres* 


Our imperfect understanding and control of electron¬ 
ically active solids is caused largely by the practical 
impossibility of completely segregating (purifying) 
and reotilinearly arranging (crystallizing) the enor¬ 
mous number of atoms (10 B8 /cm 8 ) in real crystals, so 
that real crystals are always impure and imperfect to 
some degree. It is known that the unavoidable im¬ 
perfections (including impurities) in real crystals 
sometimes increase and sometimes decrease electronic 
activities such as excitation, internal ionization, radi¬ 
ative and nonradiative transitions, electron mobility, 
and trapping. Very often, certain crystal imperfec¬ 
tions are incorporated deliberately to promote or sup¬ 
press a given electronic activity. In the case of phoB- 
phors, the highly purified host crystal usually has a 
very small proportion of activator impurity which is 
either added initially or is induced to increase lumi¬ 
nescence efficiency. The efficiency increase is generally 
accomplished by decreasing the proportion of excita¬ 
tion energy dissipated in the crystal as heat. 

Luminescence 

There is a maximum characteristic thermal radiation 
from any solid at a given temperature, T } and lumi¬ 
nescence may be defined broadly as the production of 
photon emission in excess of this thermal radiation. 
In contrast with thermal radiation, luminescence emis¬ 
sion generally decreases with increasing T and occurs 
as narrow spectral lines or bands (Fig. 1) whose loca¬ 
tions and shapes are relatively insensitive to changes 
in T. Luminescence is generally a nonequilibrium 
process wherein extraneous photons or charged ma¬ 
terial particles (electrons, ions, etc.) bombard a mate¬ 
rial and excite a few of its atoms or groups of atoms 
(centers) to energy levels far higher than those at¬ 
tained by thermal excitation. The excited centers then 
return to lower energy levels and emit correspondingly 
high-energy photons. 

Distinctive prefixes are used to denote luminescence 
produced by primary particles which differ in the 
manner in which they excite phosphors, e.g., visible 
and near-visible photons excite photolumineaeonoe, 
X-ray and gamma-ray photons excite roentgenolumi- 
nescence, ^electrons excite dathodoUimineacence, and 
ions, such as alpha particles, excite ionoluminescence. 
The energies of these primary excitant particles 
generally exceed 2 electron volts (ev), where 1 ev = 




184 


SCIENCE 


February 25, 1949, Vol. 109 


1.6xl0~ 12 erg = 3.8 x 10~ 20 calorie = 23 kcal mole -1 
(when each simple molecule has I ev), there being* 
no known, upper limit (at least to 10 B ev) to the energy 
of a primary particle capable of exciting phosphors. 


about 10 8 or 10“ B second for the nonmetastable ex¬ 
cited states of isolated atoms or ions undergoing the 
optical transitions which occur in conventional lumi¬ 
nescence. The natural lifetimes of isolated atoms are 



Plti. 1. Comparative spectral distributions of the emissions from a typical phosphor (narrow band at left) and 
a black body thermal emitter (broad bands at right). 


The energies of the photons emitted during conven¬ 
tional luminescence range from about 1 ev (1.24 = 10 -4 
cm = 12,400 A) to 10 ev (0.124 xl0~ 4 cm = 1,240 A), 
while the energies of emitted X-ray and gainma-ray 
luminescence photons extend well beyond this range up 
to about 10 7 ev. This article is concerned chiefly with 
the conventional visible and near-visible luminescence 
of solids, which generally involves transitions of the 
outer or valence electrons comprising the “skins” of 
atoms. These exposed electrons are sensitive to 
changes in the kind, number, spacing, and arrangement 
of neighboring atoms in a solid, and the luminescence 
of solids is thus a sensitive indicator of changes in 
composition, impurities or other imperfections, and 
crystal structure. Also, the valence electrons of on 
atom in a solid experience most strongly the jostling 
caused by thermal motion of atoms, so that increasing 
the temperature of the solid generally perturbs the 
luminescence process and increases the probability of 
conversion of high-energy excitation quanta into low- 
energy thermal quanta (phonons). 

With respect to the duration of luminescence, flu¬ 
orescence indicates a normal, unconstrained, sponta¬ 
neous radiative return from the excited state (as in 
isolated nonmetABtable atoms or ions), whereas phos¬ 
phorescence indicates an abnormally long delay be¬ 
tween excitation and emission, using isolated atoms 
or ions as standards of normal behavior. Fluorescence, 
then, is a limiting case of phosphorescence and cor¬ 
responds to a natural excited-state lifetime, ry, of 


determined chiefly by oscillator damping (classically, 
T y oc i r B pd " z for radiation of photons of frequency 
v from a dipole with moment p rf ), and the width of a 
fluorescence emission line is determined by the inde¬ 
terminacy of the excited-state energy level, such 

that AF* ^ ji/oTp, where h = 6.02 x 10 _2T erg sec. 
This line width is only about 10" 7 ev for conventional 
fluorescence with ry«1(H second, whereas many 
phosphors have emission bands nearly 1-ev wide and 
their emissions persist for seconds or days ( i.e ., the 
band widths and persistences of phosphors are often 
unrelated). Most phosphors exhibit predominantly 
an abnormally delayed emission, which is called phos¬ 
phorescence. Here, the abnormal delay may be caused 
by (1) the gtrong perturbing (constraining) influence 
of neighboring atoms on excited centers in solids, 
and/or (2) internal ionization and trapping. Inter¬ 
nal ionisation is the ejection of an electron'from an 
excited atom or center, without the electron's leaving 
the solid. The vagrant excited electron may become 
trapped, particularly near imperfections in the 
crystal, and remain trapped for an indefinite time 
before being released by heat or other energy so that 
it can again wander to make a radiative recombina¬ 
tion with an ionized center. 

In general, phosphors begin to emit luminescence 
photons within 10~ B second after onset of excitation, 
but very often much of the excitation energy is stored 
in the form of prolonged (constrained) excited states 
or trapped excited electrons so that photon emission 
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is extended for intervals ranging from a few seconds 
to a few years after cessation of excitation, the dura¬ 
tion of phosphorescence depending on the nature of 
the phosphor and its conditions of excitation and 
operation. When a large proportion of the excitation 
energy is stored) the curve of luminescence output vs. 
time exhibits a detectable growth (Fig. 2) until equi¬ 
librium is established, i.e. } until the rate of filling and 
emptying of excited states and traps has stabilized 
in the excited volume of the solid. After cessation 
of excitation, there is a decay of luminescence output 
vs. time as the stored excitation energy is released. 
When there is simple excitation, without internal ioni- 


prirnary factor in determining t. In this case, the 
spontaneous exponential decay is little affected by 
changes in the temperature of the phosphor or the 
conditions of excitation. 

The emitting center loses control over T when the 
energy storage in phosphors consists of trapped ex¬ 
cited electrons or metastable states, for then addi¬ 
tional activation energy must be supplied to release 
the trapped electrons. This activation energy may 
be supplied by heat, especially when the trap depth is 
equal to or less than about 30 kT (where = 
1.38 x 1O- 10 erg deg' 1 = 8.7 x 10~ 5 ev deg -1 ), or it may 
be supplied by additional photonB or charged material 
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zation and trapping, the rate of emission of lumines¬ 
cence photons, L j decreases exponentially with time, 
l > according to L = L 0 r at , where L 0 is the lumines¬ 
cence dutput at cessation of excitation and the decay 
constant a (=t~ 1 ) ranges from about 10 7 to 1 sec- 1 , 
depending on the composition and structure of the 
phosphor, It is to be expected that r will be larger 
and, h^nce, a will be smaller the more constraint on 
excited emitting atom or. center experiences from its 
neighbors in the crystal, but the emitter itself is a 


particles. During ordinary phosphorescence at room 
temperature the activation energy is supplied by heat, 
so this process is thennostimulated phosphorescence. 
Under these conditions, bo- called power-law decays 
are observed such that L ac L 0 f-", where the exponent 
n is strongly dependent on the phosphor temperature 
and on the iind, intensity, and duration of excitation; 
also, n varies during the decay interval. In general, 
i» has values Jying between about 0.1 and 2, being near 
unity for most of the useful phosphorescence times 
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of efficient long-persistent phosphors. The variabil¬ 
ity of n bespeaks the variable degree of filling and 




F/G. 3. Above: Spectral distributions of excitation, 
quenching, and Stimulation for a cub.-Sr(S: Be) : 
HrSOt: CaFi: 8m : Eu phosphor. Below : Dynamics of 
growth and decay of the above phosphor during and 
after (a) excitation, (b) decay, (c) stimulation, and 
(d) quenching. 

rate of emptying of traps of different densities and 
depths, and the variable occurrence of re trapping, 
since the density qf excitation decreases in a roughly 
exponential manner as the beam of primary excitant 
particles penetrates into a phosphor crystal. 


in curve 4 of Fig. 2. Because the quenching and stim¬ 
ulating effects for a given phosphor vary with wave¬ 
length, a broad-band source of red and infrared may 
net as both a quenching and stimulating agent simul¬ 
taneously, The top portion of Fig. 3 shows the spec¬ 
tral relationships of excitation, emission, quenching, 
and stimulation for a complex infrared-stiinulable 
phosphor of the type used in metascopes for infrared 
detection and signalling. The bottom portion of Fig. 
3 shows hoW the yellow emission band may be pro¬ 
duced by excitation with blue light (^*4,500 A), al¬ 
lowed to decay, stimulated by infrared 10,000 A), 
and quenched by orange light 6,000 A). 

The complex chemical formula (which is really an 
oversimplification 1) for the infrared-stimulable phos¬ 
phor of Fig. 3 serves as an extreme example of the 
system of notation used in symbolizing luminescent 
solids. The chief ingredients of a good phosphor are 
the host crystal, one or more fluxes (fusible Balts, 
which are not always used), and one or more activa¬ 
tors (promoters of luminescence) which may be added 
deliberately or be induced by decomposition during 
crystallization at high temperatures. Examples of 
other useful phosphors and their notations are given 
in Table 1. According to the indicated simplified nota¬ 
tion, a phosphor is symbolized by (1) the crystal sys¬ 
tem of the host crystal, followed by (2) the chemical 
formula of the host crystal, then by (3) any fluxes 
which are incorporated in the host crystal (this is not 
the case in examples 1-3 of Table 1), and finally by 
(4) the chemical identity of the activator cation 
[placed in square brackets when there is uncertainty 


TABLE! 1 

Compositions, Preparations, and Designations of Some Typical. Phosphors 


Ingredient! 

No. ’ ~ > 

Host crystal Flux 


Added 

activator 


Poat- 
Cryat. cryat. 
temp. treat¬ 
ment 


Phosphor 

notation 


Decay 

type 


1 . 

2 . 

3 . 

4. 

5- 

6 . 


1 ZnB 2 g NaCl . 1250° C wash hex.-ZuS : [Zn] 

<U,, 97.44 g ZnS) 

1 ZnS 2 p NaCl 0.017 g AgNOj " " hex.-ZnS: Ag(0.01) 

1 ZuH 2 k NaCl 0.O18 g CuCla “ " hex -ZnS: Cu (0.01) 

2 ZnO + 1 SIO. . . 11 ... rbhdl.-ZniBiO*: [81] 

(102.78 g + 80.08 g) 

2 ZnO + 1.02 SlOa - 0.02 TlOa " ... rbhdl.-Zn»BiO« : Tl(0.4) 

(182.78 g +81.20 g) (1.8 g) 

2 ZnO-f 1.012 S10» - 0.012 UnO M ... rbhdl.-ZnaSIO*: Mn(O.B) 

(182.76 g + 80.78 g) (1.1 g) 


r mt —> t-" 



Infrared is another useful source of activation 
energy which may (1) be unabsorbed (i,e v be entirely 
reflected or transmitted) and hence cause no change 
in the normal decay curve shown as 2' in Fig. 2, or 
(2) be absorbed and quench the phosphorescence emis¬ 
sion, as shown in curve 3 of Fig. 2, or (3) be absorbed 
and stimulate the phosphorescence emission, as shown 


as to its identity or presence] with the weight percent 
of activator cation relative to the weight of the host 
crystal given in parentheses. 

Exemplary Syntheses of Phosphors 

The phosphor compositions given in Table 1 are 
sufficient to prepare efficient phosphors if except 
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tionally pure ingredients are used (especially when 
the optimum activator proportion is low), the ingre¬ 
dients are thoroughly mixed, and the mixtures, in 
acid-cleaned, covered, fused-silioa crucibles, are heated 
in air to the indicated temperatures for ten to a hun¬ 
dred minutes. These examples are typical of the for¬ 
mation of most phosphors by reactions in the solid 
state, i.e., reactions between solids at temperatures 
below their melting points and the melting points of 


of the zine-silicate phosphors, no flux is used, 
and the average particle size of the resultant 
phosphor is determined largely by the particle size 
of the initial silica, because the reaction proceeds by 
diffusion of the zinc and manganese oxides into the 
silica particles. This is illustrated in Fig. 5, which 
shows electron micrographs of two different lots of 
rbhdl.-Zn a Si0 4 : Mn(Q.3) prepared from (a) excep¬ 
tionally fine colloidal silica, and (b) an ordinary c.p, 



Pm. 4a. Electron micrograph of preclpltated-and-drle 1 luniInewcence-pure zinc sulphide. 

Pm. 4b. Photomicrograph of hex.-ZnS : Ajf (0.01(5), prepared by heating the flne-partlcle ZnS shown In Fig. 4a 
(with activator and about tt-percent biilide flux) at 1,250° C. 


their products. (Growth of phosphor crystals from 
melts is seldom successful because the melting points 
of the host crystals are usually so high that the melts 
react vigorously with their containers and the mix¬ 
tures tend to decompose and volatilize selectively.) 
Under these conditions of solid-state reaction, the 
presence of a flux, such as sodium chloride, sometimes 
promotes crystallization by providing a fluid phase 
to facilitate material transport. Fig. 4a shows an 
electron micrograph of a pure, practically nanlumi- 
nescent, precipitated-and-dried zinc sulphide, which 
was used as the initial ingredient in preparing phos¬ 
phors 1-3 of Table 1. Fig. 4b shows a photomicro¬ 
graph of the much larger phosphor crystals produced 
by heating this fine zinc sulphide (with flux) to 1,250° 
C. These hex.-ZnS: Ag(0.015) phosphor crystals are 
about 10 1 times larger (in volume and weight) than 
the initial 250-A ingredient particles. In the case 


silica. (The electron microgrnphs in Figs. 4 and 5 
were made by Dr. »J. Hillier.) 

As may be seen from Figs. 4 and 5, the average 
particle sizes of useful phosphors are generally a few 
microns or less, because finely divided ingredients 
must be used to obtain complete solid-state reaction 
in a reasonably shdrt time. The sin nil particle size 
of phosphors is desirable to increase the absorption of 
primary ultraviolet in "fluorescent” lamps, and to im¬ 
prove the image definition and optical efficiency of 
television cathode-ray-tube screens, but it makes diffi¬ 
cult the determination of certain fundamental physi¬ 
cal characteristics such as absorption spectra, absorp¬ 
tion coefficients, and conductivities. It is in only a few 
cases, such as cub.-KCl:Tl, rbhdl.-Al a Oa: Cr (arti¬ 
ficial ruby), and tetr. CaW0 4 : [W] (artificial scheel- 
ite), that efficient luminescent crystals of centimeter 
size have been prepared from their melts. Insofar 
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as the effect of crystal size on luminescence is con¬ 
cerned, the luminescence of phosphors is a volume 
effect, as evidenced by the fact that (1) cathodolumi- 
nescence efficiency increases as the penetration of the 


(1) When very pure zinc ailleate is crystallized at 
1,250° C, the product is found to have an inefficient 
cathodoluminescence emission shown as curve 4 in 
Fig. 7. This emission comes from Borne of the ex¬ 



a b 


Flu. 15a, Electron micrograph of very-flne-parttcle rbhill.-ZmSiO*: Mn which was prepared by reaction of zinc hy¬ 
droxide and manganese hydroxide with colloidal silica. 

Fio. 6b. Electron micrograph of commercial rbfadl.-ZnaSlOi: Mn prepared by reaction of the oxides, using con¬ 
ventional pure silica with an average particle size of about one micron. 


primary electrons increases, und (2) the two different 
lots of rbhdl.-ZnySiO*: Mn(0.3) phosphor shown in 
Fig. 5 have practically the same efficiency of cathodo- 
luminescence and photoluminescence despite the great 
difference in their particle sizes. 

Effects Pboiwoed by Impurities 

In general, phosphors consist of relatively nonlumi- 
neBcent host crystals containing a small proportion of 
added or induced impurities. Impurities can form 
many different local distorted regions (e.g., centers), 
as depicted in Fig. 6, and a given impurity may: (1) 
act aa an intensifier activator by intensifying a weak 
or latent hosL-crystal emission spectrum, (2) act as an 
originative activator by producing a new omission 
spectrum, (3) act as a sensitizer by producing a new 
excitation spectrum without altering the emission 
spectrum, (4) act os a trap by altering the duration 
and intensity of power-law-type phosphorescence, 
and (5) act as a “poison” (or “killer”) by decreasing 
luminescence efficiency. 

These examples illustrate these effects and show how 
a given impurity may function in several of the 
following roles. 


cited tetruhedral Si0 4 groups which are presumably 
perturbed by a slight excess of silicon [Si] (or 
[Zn] T) produced by selective volatilization of oxygen. 
Here the [Si] acts as an intensifier activator, prob¬ 
ably by upsetting the selection rules which govern 
electronic transitions in ideal crystals. When about 
a percent of titania is incorporated in this phosphor, 
the same emission band is obtained with about a ten¬ 
fold increase in efficiency (cf. curve 5, Fig. 7). Here, 
the titanium (in the combined forml) is an additional 
intensifier activator. In the same way, silver appears 
to act ns an intensifier activator for zinc-sulphide 
phosphors, operating to increase the efficiency with 
only a slight shift and narrowing of the emission band 
(curves 1 and 2, Fig. 7). 

(2) When rbhdl.-Zn a Si0 4 : [Si] is reheated at 
1,250° C with increasing proportions of manganese 
oxide, the [SiJ emission band decreases and a new 
.emission band rises in the green until, at about one 
percent Mn, only the strong green emission is evident 
(curve 6, Fig. 7). Here, the Mn (which substitutes 
for Zn) acts as a poison in preventing the [Si] emis¬ 
sion, and simultaneously acts as an originative acti¬ 
vator in producing the new centers which emit lumi¬ 
nescence photons with high efficiency. Similarly! 
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copper activator poisons the blue [Zn] emission band 
of hex.-ZnS: [Zn] while producing a new green emis¬ 
sion band (curve 3, Fig. 7). Present evidence indi¬ 
cates that the best originative activators ate added 


tained as before and the phosphors are now readily 
excited by 2,537-A ultraviolet. Here the (combined) 
lead acts as a sensitizer which introduces a new ab¬ 
sorption band in the spectral region around 2,537 A. 


©-^ 0 ®-©-©-© 

© 0 ©- 0 -®- 0 -© 
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(C) INTERSTITIAL IMPURITIES, 
SHOWING EFFECTS ON I IGAND5 
(NEAREST BOUND NEIGHBORS) 


O HOST-CRYSTAL CAT ION (c) 

Q HOST-CRYSTAL AN ION (a) 

O CATION IMPURITY (l c ) 

@ ANION IMPURITY (l A ) 

Fnj. fl. Example of typical distortions produced by luipurUleH In host rrywtHls. 


ions, which exhibit more than one formal valence 
(e.g., Mn* + , Mn ++++ and Cu + , Cu^), whereas intensi- 
fier activators may be either added or induced, and 
need nol be multivalent (e.g. f [Zn k+ ], [Si ++++ ]; Ti+++ t 
Ti ++++ ; and Ag + , Ag ++ ). 

(3) When calcium carbonate or calcium silicate is 
crystallized with about one percent of manganese ac- 



Fig. 7. Spectral distribution of abeorption, excitation, 
and luminescence e minis Ion of some typical elnc-aulphlde 
type and alnc-slllcate-type phosphors. 


tivator, the phosphors are found to have efficient red- 
orange cathodoluminesoence, but no appreciable pho- 
toluminescence under 2,537-A ultraviolet. If, however, 
these phosphors are recrystallized with a small pro¬ 
portion of lead oxide in addition to the added manga¬ 
nese oxide, then the same red-orange emission is ob- 


(4) In the previous example of hex.-ZnS: Cu, the 
multivalent Cu acts not only ns a poison and an acti¬ 
vator but also ah a trapping agent. This is evidenced 
by intense end prolonged phosphorescence at room 
temperature und by pronounced glow curves (curves 
of light output vs. temperature and time as a phos¬ 
phor previously excited et very low temperatures is 
warmed). By incorporating a lead compound in this 
phosphor, it is found that the lead provides very deep 
traps, such that the phosphor performs in the same 
manner as the infrared-stimulable material in Fig. 3. 
In the case of rbhdl.-Zn,.Si0 4 : Ma, it has been found 
that tin and arsenic compounds are effective in pro¬ 
viding traps without altering the emission spectrum 
of the phosphor. 

(5) In addition to the previous examples of poi¬ 
sons, it may be mentioned that manganese in trace 
amounts is a strong poison to the emission of calcium- 
tungstate phosphors. Also, certain other transition 
elements, particularly iron ond cobalt, are strong poi¬ 
sons in aifhost all phosphors. 

Effects Produced bt Changes in Structure 

The pronounced influence of structural changes on 
the luminescence of solids is shown in the following 
examples: 

(1) When rbhdL-Zn fl Si0 4 : Mn (dehoted as the 
a-fonn) is melted at 1,800° C and then quenched, it 
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crystallizes in a new (0-form; undetermined) struc¬ 
ture having a different diffraction pattern. On com¬ 
paring the a and 0 products, it is found that: (1) the 
emission band of the a-form peaks at 5,250 A, whereas 
the emission band of the 0-form peaks nt 5,030 A; 
(2) the /J-form has about 75 percent of the cathodo- 
luminescence and photoluminescence efficiency of the 
a-form; and (3) the a- and /J-forms have practically 
identical exponential decay characteristics. On heat¬ 
ing the yellow-emitting 0-form to about 050° C, it 
reverts to the green-emitting a-form, demonstrating 
that the observed effects are caused by changes in 
structure rather than composition. 

(2) When ZnS : [NaCl(2)] : Ag(0.01) is heated at 
780° C it crystallizes in the cubic system, whereas on 
heating at 1,200° C it crystallizes in the hexagonal 
system. On comparing these two products, it is found 
that: (1) the emission band of the cubic material 
peaks at 4,480 A, whereas the emission band of the 
hexagonal material peaks at 4,330 A; (2) the hexag¬ 
onal material has about four times the peak output 
of both cuthodo- and photoluminescence relative to 
the cubic material; and (3) although both materials 
have power-law decays, the intensity and duration of 
phosphorescence emission of the hexagonal material 
is much greater than that of the cubic material at 
room temperature. On grinding, the hexagonal crys¬ 
tals arc transformed into the cubic structure. 

Luminescence Excitation 

When a beam of primary excitant particles im¬ 
pinges upon a phosphor crystal, some particles are 
reflected, whereas others are transmitted into the in¬ 
terior of the crystal. The energy of a transmitted 
primary photon is absorbed all at once or not at all 
(neglecting Compton scattering) in one absorption act 
wherein the photon is annihilated. The energy of a 
fast primary electron or ion, on the other hand, is 
usually absorbed bit-wise, where the average energy 
bit is about 25 ev. Differences in excitation processes 
are evident, also, with respect to where the energy is 
absorbed in a phosphor crystal. Low-energy primary 
ultraviolet photons often excite phosphor centers di¬ 
rectly, because the centers generally have lower char¬ 
acteristic frequencies than the atoms of the host crys¬ 
tal. High-energy primary particles (e,g,, X-ray and 
gamma-ray photons, and fast electrons and ions), 
however, give up their energies indiscriminately, so 
that most of their energy is absorbed by the prepon¬ 
derant host-crystal atoms. In this case, the absorbed 
eneTgy must be transported to the centers and the ef¬ 
ficiency of such energy transport depends strongly on 
the degree of perfection of the crystal. Henee, there 
arc many photolumineseent glasses and crystals with 


high efficiency, but only highly crystalline phosphors 
give high efficiency of roentgenoluminescence, oathodo- 
luminescence, and ionolumineBoence. The high rate 
of degradation (into heat) of energy transported in 
vitreous matter accounts, also, for the fact that only 
crystalline phosphors give efficient, long-persistent, 
power-law-decay phosphorescence involving wander¬ 
ing and remote trapping of excited electrons. 

It is probable that most of the energy transport in 
phosphors 49 by excited "free” electrons, although 
other means are; positive holes, excitons, photons, and 
^xchange-typo energy transfers Which occur when the 
wave functions of atoms and centers overlaps in a suit¬ 
able manner. Positive holes arc residual regions of 
excess positive charge produced by internal ionization, 
and excitons are mobile pairs of positive holes and 
nearly-"free” excited electrons. The problems of en¬ 
ergy transport in solids are complicated by the inter¬ 
play of ionic (electrostatic) and covalent (shared- 
electron) bonding between the atoms, and by the pro¬ 
nounced influences of imperfections and different 
structural arrangements in crystals. 

Luminescence Mechanism 

For lack of specific information about the energy 
levels in phosphors, two complementary types of sim¬ 
plified energy-level diagrams have been devised to give 



Fio. 6. Configuration-coordinate energy-level diagram 
of a phosphor impurity center, where the potential en¬ 
ergy of the center is plotted as a function of the average 
distance between the atoms In the center. 

a generalized picture of the mechanism of lumines¬ 
cence. One such diagram, shown in Fig. 8, depicts the 
allowed potential energies of a luminescence center 
as a function of averaged interatomic spacing, x, 
where x'o is the averaged spacing between the atoms 
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of the unexcited center at equilibrium. At 0°K, the 
ground-state energy level would be very near o 0 , cor¬ 
responding to minimum potential energy and min¬ 
imum atomic vibration. At room temperature, how¬ 
ever, the system (center) has considerable vibrational 
energy, so the ground-state level lies higher, such as 
at a } where the amplitude of atomic vibration is pro¬ 
portional to of-a (imagine the system passing through 
a 0 as it rolls from a to a' and back, in the potential 
well). When a bit of excitation energy of adequate 
magnitude, usually greater than 2 ev, is transmitted 
to the center, the energy of the center may be raised 
from a on the ground-state curve, E Qi to b on the ex¬ 
cited-state curve, E V Within about 10~ 12 second after 
excitation, the atoms of the excited center readjust to 
a new equilibrium spacing, and the energy differ¬ 
ence b-c is given up as heat to the surrounding host 
crystal. With the center in the excited-state level c, 
the probability of a radiative transition from c' to d 
is determined by the natures of the impurity and host 
crystal, being practically independent of temperature, 
but the probability of a nonradiative transition to the 
ground state via c' —* f —+ a increases exponentially 
with temperature. Here, then, the observed phos¬ 
phorescence for this luminescence without inLernal 
ionization is practically independent of the tempera¬ 
ture when kT « A E } or of the kind, duration, and in¬ 
tensity of excitation; and the decay proceeds accord¬ 
ing to 


L = L Q e 


-(a + ire )t 


where the atomic vibration frequency, V(lf is about 10 12 
seer 1 , and the thermal activation energy, A E, is the 
energy difference / - c 0 . The observed decrease of lu¬ 
minescence efficiency with increasing temperature may 
be visualized as a raising of level c so that an increas¬ 
ing proportion of excited states "spill over” via f with¬ 
out producing radiation. If, at any given tempera¬ 
ture, the levels c and / practically coincide, then the 
center is a poison in that it is a means for rapidly 
degrading excitation energy into heat. This picture, 
then, illustrates how a center which produces lumines¬ 
cence at low temperatures may be a poison center 
at higher temperatures. The number of available 
efficient phosphors decreases rapidly with increasing 
operating temperature, with hardly any phosphors 
having useful efficiencies above 400° C. In general, 
phosphors should be operated at as low temperatures 
as possible, although some power-law-decay phosphors 
exhibit an intermediate optimum operating tempera¬ 
ture where traps are efficiently emptied by thermal 
energy. 

Another type of energy-level diagram, shown in 
Fig* 9, depicts the energy levels of a luminescence 
center as a function of distance along a row of atoms 


in the crystal. This type of diagram emphasizes the 
fact that the discrete energy levels of isolated atoms 
nre spread out into bands in solids, the broudening 
being caused by interaction of the electrons of all the 
atoms in the crystal, because the Pauli exclusion prin¬ 
ciple allows only two electrons (of opposite spin) to 
occupy the same energy level in a given system. The 
diagram is drawn for a specific x, so one must imagine 
that the spacings and potential barriers between the 
atoms change with every energy change of the center. 
According to the diagram, the impurity atom, I 0 : (1) 
lowers the normal potential barriers between the host- 
crystal atoms in its vicinity, (2) introduces an addi¬ 
tional occupied level, E h into the forbidden zone of 
host-crystal energies, and (3) introduces additional 
discrete unoccupied excited-state levels, E* n , whose ex¬ 
tensions into the surrounding crystal increase as Ej n 
increases until, in the conduction band, E* V) an excited 
electron is free to move through the host crystal. The 
excitation transition Ej—>Ef* in Fig. 9 corresponds 
to a—> b in Fig. 8, and the radiative return Ej t ~* E* 
corresponds to & d. As drawn, this process is 
highly localized, and the spontaneous decay iB ex¬ 
ponential. When the low-lying, highly localized ex¬ 
cited state, Ej x , is absent, and the center is excited 
to higher levels wherein the excited electron may 
wander some distance away from its parent atom, 
then the electron may become trapped at a distant 
point, where it must be released by an additional 
activation energy before it can return to make a 
radiative transition from a low-lying Ej n level. When 
the excited electron travels through the conduction 
band, E Cl it may be trapped by a remote unexcited 
center, forming a new filled level (e.g., Ej-). This 
type of trapping is most probable when the impurity 
is a multivalent ion; for example, a Sm +++ impurity 
can trap an extra electron to become Sm ++ . Regard¬ 
less of whether the excited electron is trapped in a 
mctttstable state in its center of origin or in a remote 
center, the phosphorescence is strongly dependent on 
temperature and on the kind, duration, and intensity 
of excitation. The complex decay then proceeds by 
thermally activated release of trapped electrons ac¬ 
cording to 


. . t.-* E ./ kT 

L = L„« »i 


+v 


«- AE i/ kT 


_r 

+ V ■« 


where the subscripts 1, 2, 3 ■ - - N denote traps of 
different dehsities and depths A E 2 , A E bf , . . A E M 
which make different contributions 
L 0n to the luminescence output at time t = 0. This 
lengthy expression is usually sborfehanded by the 
power-law-decay approximation L = L 0 t ~ n , since, as 
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previously noted, » varies not only with the type of 
phosphor, but with the temperature, decay time, and 
conditions of operation. Both exponential and power- 


transition as do the highly localized untrapped excited 
electrons responsible for the predominant exponential 
decay. As is to be expected from Fig. 9, electronic 


RADIATIVE 

CENTER 



A HOST-CRYSTAL ANION 
C HOST-CRYSTAL CATION 
IC IMPURITY CATION 
E h HOST-CRYSTAL FILLED BAND 
Ej FILLED IMPURITY LEVEL (UNEXCITED) 

E* EXCITED-STATE LEVEL OF Ej 

E** EXCITED STATES BEFORE ATOMIC READJUSTMENT 
Ej* n _EXCJT_ED STATES _AFTER ATOMIC_READJUSJMENT 


KET-fFILLED LEVEL FORMED WHEN EXTRA ELECTRON 
1 IS TRAPPED BY UNEXCITED IMPURITY (^aS^ng) 


Fig. 0. Energy-level diagram of a rot* of atomn In a phosphor Impurity center. The lower part of the figure 
shows the lowering of the potential barriers In the neighborhood of the Impurity, and the relatively discrete occupied 
and excited-state energy levels Introduced by the Imparity. The upper pnrt of the figure shows a plot of the absolute 
value of tho wave function, of the optical electron responsible for luminescence Is a measure of the probability 
of finding the electron In a given location). The breadths of the excited-state levels increase with height and so the 
upper levels mtly overlap each oLhcr and the conduction band. 


law decays can occur, without change in spectral dis¬ 
tribution, by exciting a center such as tho one gen¬ 
eralized in Fig. 9 to E **and higher levels, as long as 
the final radintive transitions take place from to 
El). Almost all phosphors which exhibit initial ex¬ 
ponential decays eventually trail off into power-law 
“tails 1 ’ which bespeak the delayed returns of distant 
trapped electrons that make the same final radiative 


conduction parallels the growth and decay of many 
power-law-decay phosphors, whereas little or no con¬ 
duction is observed when the decay is predominantly 
exponential. 

Stimulation of phosphorescence by low-energy 
(long-wavelength) photons, as in Fig. 3, ia readily 
understood by picturing the weak photons as having 
just enough energy to raise trapped electrons out of 
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their traps so they can make radiative recombinations 
with the parent ionized centers. Quenching of phos¬ 
phorescence by higher-energy photons, however, ap¬ 
parently involves exciting the system to a high-energy 
level near or above / in Fig. 9, i.e., the trapped ex¬ 
cited electron is raised so high in energy that the 
surrounding atoms are set in violent agitation and the 
excitation energy is dissipated as heat. 

Luminescence Emission Spectra 

Doth line and band emission spectra may be pro¬ 
duced separately or simultaneously by phosphors. 
Line spectra are obtained when radiative transitions 
take place between discrete highly localized energy 
levels. Such discrete levels often occur when well- 
oxidized impurity ions with incomplete inner shells 
(e.g., Eu +++ and Cr + * f ) form luminescence centers. 
For example, ThSi0 4 : Eu(l), crystallized at 1,250° C 
in oxygen, gives a line emission spectrum attributable 
to electrons with unpaired spins in the inner, well- 
shielded, incomplete 4f shell of Eu +++ making transi¬ 
tions between discrete subatomic levels having dif¬ 
ferent resultant spin quantum numbers. When this 
phosphor is heated in a reducing atmosphere, how¬ 
ever, the unpaired 4f-shell spins are apparently paired 
and a band emission is obtained in place of the previ¬ 
ous line emission. The band emission is attributed to 
the outer valence electrons of Eu^ making transitions 
between levels having different principal and angular- 
momentum quantum numbers (where at least one of 
the levels is a band). 

The chemical and structural constitutions of phos¬ 
phors determine, of course, the locations and breadths 
of their emission lines and bands. Of about 10 s dif¬ 
ferent samples of artificial inorganic phosphors that 
have been synthesized here and abroad, the most use¬ 
ful phosphors have band widths of the order of 0.7 
ev, although lines narrower than 10 3 ev and bands 
broader than 2ev have been obtained in some cases. 
Empirical methods for controlling the locations of 
emission bands in almost any part of the visible and 
near-visible spectrum have been developed for several 
efficient phosphor families where variations in host- 
crystal composition, in particular, afford excellent con¬ 
trol over the properties of the resultant phosphors. 
For example, increasing partial substitution of cad¬ 
mium for zinc (or selenium for sulphur) in any of 
the three zinc-sulphide phosphors shown in Fig. 7 
gradually shifts the emission spectrum toward the 
infrared. At present, the white-emitting luminescent 
screens of direct-viewing television cathode-ray tubes 
are made of a mixture of blue-emitting hex.-ZnS: 
Ag(0.01) and complementary yellow-emitting hex.- 
1.3ZnS ' CdS: Ag(0.01), (The latter phosphor is also 


useful for X ray fluorosco pc screens.) Similarly, lu¬ 
minescent screens for direct-viewing color television 
may be obtained by selecting appropriate blue-, green-, 
and red-emitting members of this phosphor family. In 
the case of the outstandingly useful phosphor family 
based on rbhdl.-Zn.(Si0 4 : Mn(l), increasing substitu¬ 
tion of germanium for silicon produces a gradual shift 
of the emission band toward the red, but when beryl¬ 
lium is substituted in increasing proportions for the 
zinc, the original green emission band peaked at 5,250 
A decreases and r new orange-red emission band rises 
at 6,300 A. The high activator proportions of silicate 
phosphors make them particularly useful for opera¬ 
tion under conditions of intense excitation. For ex¬ 
ample, the three different luminescent screens for the 
three (trinoscope) cathodc-rny tubes used in labora¬ 
tory demonstrations of color television on a theatre 
scale may be made of blue-emitting rbhdl.-Zn z Si0 4 : 
Ti (1), green-emit ting rbhdl.-Zn 2 Si0 4 : Mn(l), and red- 
emitting rbhdl.-Zn w BcSi a O l0 : Mn(2). White-emitting 
luminescent screens for “fluorescent” lainpB are made 
either by mixing blue-emitting monocl.-Mg a WO a :[W] 
with yellow-emitting rbhdl.-(Zn: Bc) 2 Si0 4 : Mn, or 
by using a cadmium (or calcium)-fluoro(chloro)-phoB- 
phate: Mn: Sb phosphor whose two different activa¬ 
tors produce two complementary emission bands. It 
may be noted that the influence of new host-crystal 
atoms should depend not only on the nature of the 
new atom, but also on whether the new atom becomes 
an immediate neighbor or just n near neighbor of the 
emitting atom or center, and whether the luminescent 
center is founded on a substitutional or interstitial 
impurity. 

Luminescence Efficiency 
When phosphors are excited by low-energy photons 
(photoluminescence), quantum efficiencies exceeding 
90 percent have sometimes been obtained. For ex¬ 
ample, the phosphor coating of a green-emitting 
“fluorescent” lamp converts over 90 percent of the 
input 2,537-A (4.9-ev) primary photons into emitted 
luminesoence photons having an average energy of 
about 2.4 ev (5,250 A). On an energy basis, this 
luminesoence process is (2.4/4.9)90 » 45 percent effi¬ 
cient. In some cases, the energies of the primary and 
emitted photons lie even closer together, so that the 
energy efficiency may be higher. It is rare, however, 
that the energy efficiency of photoluminescence of 
phosphors exceeds about 80 percent, because there is 
always some gap between the peaks of their excitation 
and emission bands (c/. Fig. 7). For a given average 
energy of the emitted photons hv m , the energy effi¬ 
ciency, S, decreases with increasing energy of the 
excitant photons, hv eat ; i^., 6 cc v^/v’This is true 
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until becomes large enough to produce internal 
photoelectrons with sufficient energy to produce in 
turn more than one luminescence photon. When this 
happens, as it does for excitation by X-rays and gam¬ 
ma-rays (roentgenoluminescence) f the luminescence 
process is essentially enthodoluminescence. 

When phosphors are excited by fast charged mate¬ 
rial particles (cathodoluminescence and ionolutnines- 
cence), the energy efficiency is vanishingly small for 
low primary-particle energies because slow particles 
dissipate their energies in the inefficient (distorted 
and chemically different) surface layers of the phos¬ 
phor crystals. It is only in rare cases that detectable 
luminescence output can be obtained from phosphors 
excited by 5-ev primary electrons, and even at pri¬ 
mary energies of thousands of volts the energy effi¬ 
ciency does not exceed about 10 percent. The low 
efficiency which obtains even when the primary par¬ 
ticles penetrate well into the efficient volumes of phos¬ 
phor crystals is attributed to the large difference be¬ 
tween the absorbed energy bits (approximately 25-ev 
average) and the emitted photons (approximately 
2.5-ev) and to the difficulties of energy transfer from 
the predominant host-crystal absorber atoms to the 
fewer activator centers. 

Luminescence Output 

The radiances of phosphors during excitation by 
photons are limited mostly by the low intensities of 
available photon sources. With available sources of 
ultraviolet, for example, the maximum luminances of 
visible-light-emitting phosphor screens are of the 
order of 5,000 millilamberts (mL), or about 2xlO 10 
photons emitted per square centimeter per second. 
On the other hand, brief instantaneous luminances ex¬ 
ceeding 10 7 mL (over 10 20 photons cm 2 sec -1 ) can be 
obtained from phosphor screens struck by a well- 
focused, high-voltage, scanning cathode-ray beam, al¬ 
though the sustained averaged luminance of such a 
scanned screen generally may not exceed about 10 s 
mL (4 x 10 17 photons cm 2 sec -1 ) without heating the 
screen above the temperature range in which appre¬ 
ciable luminescence efficiency is obtained. (It may be 
recalled that fresh snow in full sunlight has a painful 
luminance of about 10 4 mL.) In a conventional direct- 
viewing television cathode-ray tube, producing 50 to 
100 mL in the image highlights, a given screen element 
the size of the cathode-ray-beam area is excited for 
about 1.5 xlO -7 second, 30 times a second, for a 
summed duration of only 10 seconds of actual opera¬ 
tion time per 1,000 hours of total operation time. On 
this basis alone, it seems odd that the efficiency of the 
screen should change somewhat during 1,000 hours 
elapsed (16 seconds actual) time of operation. Dur¬ 
ing, the actual operation time, however, the instanta¬ 


neous power input into a screen element is about 
10,000 volts x 2 x 10- 4 ampere/0.001 cm 8 = 2000 watts/ 
cm 2 . This power loading is almost ten times as high 
as the 250 watts/cm 2 absorbed power input (and radi¬ 
ated power output) of a tungsten filament in an ordi¬ 
nary incandescent lamp. In projection oathbde-ray 
tubes, the power loadings may be several orders of 
magnitude higher than in direct-viewing cathode-ray 
tubes. 

The radiances of phosphors after excitation are de¬ 
termined by their decay characteristics and light sums 
under the operating conditions. The light sum is the 
total radiance per unit area integrated over the entire 
afterglow interval. Integration of the decay curves 
of trap-type phosphors such as hex.-ZnS: Cu and 
cub.-Sr(S : Sc) : SrS0 4 : CaF 2 : Sin: Eu (taking into 
account the penetration of the primary particles) has 
shown that about 10 18 potential photons/cin a may be 
stored in the excited volumes of some phosphor crys¬ 
tals under favorable conditions. This number is of the 
same order of magnitude as the number of Cu or Sin 
impurity centers in the cited phosphors, thuB lending 
additional support to the idea that these impurities 
are the trapping agents. To a first approximation, 
the light sum is proportional to (1) the number of ex¬ 
citable centers and traps per unit volume, (2) the 
depth of penetration of the primary particles, and (3) 
the intensity and duration of the excitation (up to 
saturation). 

The time interval in which the light sum is practi¬ 
cally all released may be varied enormously by careful 
choice of phosphors and operating conditions. For 
example, (1) screens of hex.-ZnO : [Zn], cub.-MgS : Sb, 
and rhomb.-BaS0 4 : Pb give up most of their stored 
luminescence energy in about 1O -0 second in cathode- 
ray tubes used for fiying-spot image pickup in tele¬ 
vision, (2) a cascade screen, wherein a cathodolumi- 
nescent blue-emitting hex.-ZnS: Ag phosphor excites a 
photoluminescent yellow-emitting hex.-9ZnS ■ CdS: Cu 
phosphor, emits about 0.03 mL 3 seconds after exci¬ 
tation in radar cathode-ray tubes, and has luminances 
which are detectable by the well-dark-adapted eye for 
many hours, and (3) screens of photoluminescent 
cub.-Sr(S: Se) : SrS0 4 : CaF a : 8m: Eu retain most of 
their light sums for about six months at room temper¬ 
ature, thereby providing useful long-duration reten- 
tivity of information and infrared stimulability. 

Concluding Remarks 

Man-made phosphors, which were unimportant al¬ 
chemical novelties during the 17th and 18th centuries, 
found their first important uses in the 19th century as 
visible indicators of certain invisible energetic par¬ 
ticles, such as ultraviolet and x-ray photons, cathode 
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rays, and alpha particles. In recent years of the 20th 
century, the direct conversion of the energies of these 
invisible particles into light, at operating temperatures 
near room temperature, has become a major commer¬ 
cial function of phosphors which aro now produced 
at the rate of over 200,000 kilograms a year. Mean¬ 
while, phosphors are finding increasing scientific use 
in detecting these invisible particles and others, in¬ 
cluding infrared and garnmn-ruy photons, fast-moving 
ions, and even neutrons, by converting their energies 
into radiations which the human eye may detect di¬ 
rectly, or indirectly through other photosensitive de¬ 
vices, such as multiplier phototubes (usually coupled 
with oscilloscopes- or meters), photographic films, or 
other phosphors used in cascade. 

In addition to the practical progress already made 
by empirical phosphor research, some progress has 
been made toward developing a qualitative theory of 


luminescence of solids, although a useful quantitative 
theory is not yet available. Luminescence is such a 
convenient and sensitive indicator of changes of com¬ 
position, structure, and atomic interactions in solids 
that it has contributed much to our improved under¬ 
standing of the solid state of matter. In the future, 
the practical consequences of this broad aspect of lu¬ 
minescence research may well overshadow the tangible 
results already obtained. 
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The Nature of the Organizer 

Richard M. Eakin 

Department of Zoology, University of California 

A pproximately twenty-five 

YEARS AGO, Spemann and Hilde Man¬ 
gold demonstrated that the dorsal lip of the 
blastopore acts as the primary organizer of the am¬ 
phibian embryo after it is carried inside the gastrula 
to form a layer of chordamesoderm beneath the ecto¬ 
derm. The contact thus established between these 
two layers results in an induction by the chordameso- 
derrn (organizer) of nervous tissue in the overlying 
ectoderm. Since this discovery was made, an in¬ 
tensive search has been conducted for an explanation 
of both the stimulus and the response in this reaction. 
In terms of biochemistry and cellular physiology, how¬ 
ever, the precise nature of embryonic induction still 
eludes us. It may be useful, nevertheless, to sum¬ 
marize the current ideas on the nature of the or¬ 
ganizer. 

First, let us consider the-question of specificity of 
organizer action. Many studies have suggested that 
the inducing stimulus is nonspecific. It has been 
shown that amphibian ectoderm capable of response 
(competent) can be induced to form neural tissue 
by an array of inductors, some of which are: I) living 
organizers from other vertebrate embryos; 2) ex¬ 
tracts from whole embryos or parts of embryos; 3) 
tissues from the embryonic or adult bodies of many 
kinds of animals, providing the tissues are first killed 
by boat, drying, freezing, or treatment with organic 


solvents; 4) certain chemical compounds, such as 
ccphalin, digitonin, and various polycyclic hydrocar^ 
bons; and 5) chemical or physical conditions that 
cytolyze some of the ectodermal cells with the release 
of toxic products evoking a neuralizing response in 
the surviving cells. Actually there may be no dis¬ 
tinction between the last two categories. 

Spemann (11) himself was finally inclined to the 
conclusion that the inducing stimulus is nonspecific 
and Holtfreter (5, p. 34) hp.s recently taken this po¬ 
sition, pointing out that neuralization of competent 
ectoderm "can be achieved by the application of vari¬ 
ous agents which have not more in common than the 
faculty of increasing the permeability of the Cell 
membrane, and of causing cytolysis if applied in ex¬ 
cess.*’ If this interpretation is correct it follows that 
the factors for specificity of the reaction lie within 
the ectoderm. 

On the other hand, there are studies which suggest 
that inductors are not qualitatively alike and that 
the specificity of induction does not reside entirely 
within the reacting system. Evidence supporting this 
interpretation includes the following points. 1) The 
results of experiments on regional determination in¬ 
dicate differences in the action of the organizer along 
the primary axis of the embryo. Thus, anterionnost 
mesoderm induces brain and sense organs, whereas 
more posterior levels induce spinal cord: 2) Dead 
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inductors differ from living organizers in that the 
response to the former Jacks the organization and 
completeness of anatomical pattern (individuation) 
which characterize the secondary embryo developing 
in response to a living organizer. Holtfreter ( 8 } 
p. 33) refutes this point, however, as follows: ex¬ 
plants of competent ectoderm stimulated by cytolyz- 
ing agents “differentiate not merely into a heap of 
neural cells, but the previously nonorganized cells 
become integrated into anatomical patterns which can 
be identified as brain diverticula. If these formations 
are covered by a mantle of epidermis the latter fre¬ 
quently forma nasal pits and frontal glands .... 
the original concept of the organizer ae an all-power¬ 
ful individvating agent should be revised. Further¬ 
more, the data available leave little doubt that it is 
futile tu inuke a distinction between living inductors 
and artificial ‘evocators . 191 Holtfreter admits, how¬ 
ever, that “poeterocephalic’' inductions were not ob¬ 
tained by the action of cytolyzing agents and that, 
furthermore, mesodermal structures have neveT been 
observed in the explants. 3) Living inductors can 
cvooata mesodermal structures; dead ones usually do 
not. Chuang ( 5 ), for example, observed the induc¬ 
tion of muscle, notochord, pronephros, and other 
mesodermal structures by fresh mouse kidney. In¬ 
duction of notochord and pronephros failed if the 
kidney had been boiled for five minutes and no meso¬ 
dermal structures were obtained if it had been boiled 
for fifteen minutes. Moreover, boiling for varying 
periods changed the relative frequency with which 
the several ectodermal organs were formed. Holt¬ 
freter (7) had observed earlier that prolonged boiling 
of a tissue or heating to 135° C reduced the activity 
of the inductor, and a temperature of 172° completely 
abolished it. 4) It was observed by Waddington 
[12) that boiled nuclei were better inductors than 
boiled cytoplasm with respect to percentage of in¬ 
ductions obtained and volume of induced structures. 
Chuang found also that newt liver and mouse kidney 
were unlike in their inductive actions. 

These examples are sufficient, I think, to indicate 
the type of evidence supporting the contention, on 
the one hand, that inductors are nonspecific and, on 
the other hand, that they are different in their action 
and that some measure of the specificity in response 
is a function of the stimulus. Unfortunately, as 
Needham (9) has so clearly stated, we have no ade¬ 
quate test for induction. A response by competent 
ectoderm is unsatisfactory because ectoderm itself 
may possess the inducing agent in a bound or masked 
form. Ventral ectoderm which cannot induce when 
living will stimulate-neuralization if killed. We lack 
a reacting system which will respond to a neuralizing 
stimulus but which is incapable of acting as an in¬ 
ductor alive or dead. 


We may proceed further in our analysis, however, 
if we assume that the critical agent in induction is 
the same irrespective of whether the stimulus comes 
from without the ectoderm or whether it is released 
within the ectoderm. According to the first coqoept 
(lefthand side of Fig. 1) a nonspecific stimulus pro¬ 
duces a change in permeability of the inner mem¬ 
branes of the ectodermal cells which somehow sets off 


Neural tube 



Non-specific Specific inductore 

Stimuli 

Fio. 1. 

the chain of reactions leading to the formation of a 
neural tube. Maybe a bound substance (encircled x) 
is released, or perhaps it is synthesized and then, like 
a virus, is self-duplicated within the cells. In any 
event, free x is the critical inducing agent. Accord¬ 
ing to the second concept (righthand side of Fig. l) r 
free x of specific qualities is provided by an induc¬ 
tor—in the living embryo by the mesoderm—which 
diffuses into the ectoderm and initiates neuralization. 
Release of bound x or its synthesis and self-duplica¬ 
tion might follow secondarily. In both schemes x 
is the same. What is xT 

Two principal suggestions as to the chemical nature 
of the inducing agent have been proposed: Needham's 
sterol theory and Brachet’s nucleoprotein theory. 
Needham (9) postulated that the cells of the dorsal 
lip possesH the inducing steroid substance in a bound 
form—perhaps in a polysaecharide-protein-stcrol 
complex. In the course of gastrulation the charac¬ 
teristic metabolism of the organizer breaks down the 
complex, releasing the sterol which induces the over- 
lying ectoderm to form a neural tube. Evidence pre¬ 
sented by Needham, Waddington, and their collabora¬ 
tors includes the following points. 1) The inducing 
activity of ethereal extracts of embryonic and adult 
tissues was traced to the digitonin precipitate of the 
unsaponifiable fraction. Later Barth [2) showed 
that the protein fraction exhibited a greater inducing 
power. 2) Pure sterols or sterol-like compounds 
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acted as evocators of a neural response in competent 
ectoderm, 3) Lastly, tbo dosage of an active steroid 
required for induction was very low. In connection 
with the last point, the work of Shen is cited by 
Needham as being a strategic piece of evidence. Shen 
(10) recorded induction with a water-soluble carcino¬ 
genic hydrocarbon, dibenzanthracene, in very small 
concentrations. A maximal response of 41 percent 
induction of neural tube was obtained with a dose of 
.0125 y per embryo. This dosage was much smaller 
than those of nonsteroid substances required to evoke 
a neural response and was in the same general range 
of concentration ns that shown by other biologically 
active substances, such as hormones and vitamins. 

Brachet, on the other hand, has extended the 
earlier suggestion of Barth that the organizer may 
be a protein, by bis sLudies on the relation of ribo¬ 
nucleic acids to induction. According to Brachet (4) 
the inducing substance may be a nucleoprotein re¬ 
leased from the mesoderm in the form of granules 
which probably include other substances, possibly 
enzymes. These granules are then engulfed by the 
ectoderm within which neuralization is initiated. 
Another possibility is that the metabolism of the 
mesoderm splits the nucleoprotein into mononucleo¬ 
tides, which become the activitaling agents when 
transferred to tlie ectoderm. Very briefly, some of 
the evidence presented by Brachet for a relationship 
between induction and ribonucleic acid is as follows. 
1) Grafts show a decrease in cytoplasmic basophilia 
in those instances in which they act as an inductor but 
not in the absence of a response by the ectoderm 
overlying the graft. Cytoplasmic basophilia is in¬ 
dicative of the presence of ribonucleic acid. 2) Ec¬ 
toderm which becomes induced to form a neural tube 
exhibits increased cytoplasmic basophilia, but not if 
neuralization fails. 3) The inducing power of a va¬ 
riety of nucleoproteins, including plant und virus nu- 
cleoproteins, is proportional to their ribonucleic acid 
content. 4) Crushed eggs or tissues from the early 
embryo exhibit basophilic granules which after cen¬ 


trifugation are accumulated in the clear layer. This 
layer, when grafted in a coagulated state, is the only 
one which exhibits considerable inducing power. 5) 
Breakdown of the nucleoprotein by thermal or enzy¬ 
matic methods abolishes its inducing power. 

Bruchet's suggestion thus far described is in terms 
of a specific inductor from outside the ectoderm. He 
points out, however, that ribonucleic acids may be 
involved in substance x, which is released within the 
ectodermal cell in response to Bomc nonspecific cy- 
tolyzing agent. He has observed that in cytolysis 
there are changes in cytoplasmic basophilia, namely, 
a rise at first, followed by a decline—changes sug¬ 
gestive of synthesis and then release or breakdown of 
ribonucleic acids. 

For further analysis of the problem of induction, 
certain lines of research on the metabolism of the 
embryo may be rewarding. The researches of Need¬ 
ham, Boell, Barth, Brachet and others (see Boell, 3) 
are providing data on respiration, enzymatic activi¬ 
ties, et cetera. One line of investigation may be es¬ 
pecially useful, namely, a study of protein synthesis 
in the amphibian gastruln and ncuruln. Using radio¬ 
active tracers, Abrams, et al. (1) have shown recently 
that the amino acid glycine is a probable precursor 
of the purines adenine and guanine, the purines in 
nucleic acids. Friedberg and Eokin (G) have studied 
the uptake of radioacLive glycine by the amphibian 
gastrula and neuruUi and have obtained evidence of 
a greater incorporation by the dorsal half of the 
embryo and probably by the dorsal lip than by ven¬ 
tral regions. Brachet had shown earlier that dorsal 
halves of gastrulae and neurulae contained more ribo¬ 
nucleic acid than the ventral halves. Such physio¬ 
logical investigations may eventually prove to be 
decisive in elucidating the chemical nature of the 
organizer. 


Presented at the Symposium on Specificity Problems in 
Development at the annual meeting of the Wei tern Society 
of Naturalists, December 27, 194B. 
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Thermal Separation of Radiomercury 
From Radiosodium 1 

P. B. Rcawr, G. E. Burch, S. A. Three foot, 

■ad C. T. Ray 

Department of Medicine, 

Tulene Vmiversity School of Medicine, and 
Charity Hospital of Louisiana , 

New Orleans 

A number of physiologic phenomena can be studied 
best by the simultaneous administration of two or more 
radioactive isotopes. If their half-lives differ sufficiently, 
no problems arise. In some instances it is feasible for 
the separation to be effected chemically, but such a pro¬ 
cedure Is beyond the realm of most clinical investigations. 
Physical methods employing counters capable of dis¬ 
tinguishing beta from gamma radiation and high from 
low energy particles are often successful. A mass spec¬ 
trometer may be used. This report is concerned with the 
description of a method which is practical for separating 


or more of the Hg from a given compound under con¬ 
ditions which are quantitative and simple. 

In the present studies the biologic relationship between 
a mercurial diuretic (Mercuhydrin 4 ) and sodium chloride 
is under investigation. To study the pharmacodynamics 
of diuresis produced by a mercurial diuretic, it is desir¬ 
able to use such a compound synthesized with radio- 
mercury (Hgaoa- 20 G). Such a procedure is expensive and 
time-consuming. This isotope of mercury has a physical 
half-life of 51.6 days. Its "practical" half-life was 
found to vary considerably, depending on environmental 
and chemical conditions, making quantitative, separatory 
studies of isotope activity extremely difficult. The pres¬ 
ent experiment was prompted by this discovery. 

Thirty samples of an aqueous radioactive Mercuhydrin 
preparation wore accurately measured onto filter paper 
discs and allowed to dry at room temperature. Similarly, 
30 such samples of a solution of radioactive sodium 
(Na 22 ) chloride were prepared, to which, after drying, 
was added a known amount of radioactive Mercuhydrin 
solution. The papers were fixed to tinned discs with 
rubber paper cement. Tho three series of preparations 


TABLE 1 

Volatilization Values 


Specimen 

Tube 

Mean ± S.D. (%) 
Before heat 
(cpm) 

Meant 3J). (%) 
After beat 
(cpm) 

Amount 

remaining 

(%) 

Nl1 " Kln « 

Na“ + Hg**-** 


A 

3,918 ±4.95 

41.3 ±36 

1.00 


Nr® 

A 

2,193 ± 4.73 

2,242 ± 3.79 

102 


Na“ + Hg®*-» 

A 

6,620 ± 4.B3 

1,996 + 6.43 

30.4 

35.8 


B 

7,881 ± 6.81 

60 ±30 

0.77 


Na- 

B 

3,788 ± 3.75 

3,864 ± 3.95 

102 


Na* Hg®" 1 -** 

B 

10,462 ± 5.03 

3,400 i 6.91 

32.4 

32.4 


radioactive mercury a from radioactive sodium 3 (Na a2 ) 
and presumably from other elements with similar ther¬ 
modynamic constants. The method utilizes the well- 
known intrinsic property of mercury— its volatility under 
conditions available in ordinary laboratories. 

Mercury, one of the oldest of therapeutic agents, com¬ 
bines with other elements to form many compounds, 
usually organic, of definite biologic interest. Its organic 
combinations stq characterized by instability. If they 
are decomposed and the consequent behavior of the Hg 
Is used to advantage, it is possible to remove 99 percent 

1 Aided by a grant from the Life Insurance Medical Re¬ 
search Fund, the War Contract No. W-49-007-Md-3S9, the 
Hells Institute for Medical Research, and the Mrs. E. J, 
Calre Fund for Research In Heart Disease, 

1 Preparation Item No. 47B, II. 8. Atomic Energy 

Commhwslon, Oak Ridge Laboratories. 

1 Secured through the courtesy of M. A. Tuve and Dean 
Cowls, Carnegie Institution of Washington, Department of 
Terrestrial Magnetism. 


were counted by separate, thin mica window Geiger-Mliller 
counters with different sensitivities (Table 1). 

After being counted, all preparations ware placed 
alternately in position on a sheet of aluminum measuring 
18" x 12" X iV' and heated in an oven to 260° C for one 
hour and twenty minutes. Upon removal and cooling 
they were again counted (Table 1). Interference by the 
rubber cement was shown to be nonexistent, 

A mean of more than 99 percent of the mercury of 
a Mercuhydrin preparation was driven off by heat, 
whereas under identical conditions a sodium preparation 
did not change significantly. Naturally, stable mercurial 
salts or compounds would have to be rendered labile to 
heat to take advantage of vapor tension and boiling 
point differences. Further studies of a chcmicophysical 
nature arc in progress. 

* Produced by Harold Erabnke, Bdwtn Bprengelar. and 
Darwin Kaeetner, through the cooperation of Dr. H, L. Dalell 
of the Lakeside Laboratories, Milwaukee. 
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Apricots and Plums as Hosts of 
Western X-Disease 1 

Austin O. Simondi 

Colorado Agricultural Experiment Station, 

Fort Collin* ** 

Stoddard (3) reported that peach, Prunua persica 
Batch., nectarine, P. persica var. nucipersica Schneid., 
and chokecherry, P. virginiana L., are natural carriers 
of the X-disease in eastern United States. He was able 
to transmit the disease by budding to the sand cherry, 
I 3 , besaeyi Bailey, Chinese bush cherry, P. japonioa 
Thung., wild goose plum, P. hortulana Bailey, and almond, 
P. communis Arcang. He considered the wild black 
cherry, P. aerotina Elirh., and the beach plum, P. muri- 
ftma Marsh, immune and reported no evident symptoms 

TABLE 1 

Results oir Inoculation or Elberta Peach Trees With 

HDDS FiiOM PREVIOUSLY INOCULAJED Al'RICOT 
AND PMJM ThEEH 


Source of 
Inoculum 

No. of peach 
trees Inocu¬ 
lated 

Healthy 

Diseased 

A pricota 




.Torch 

4 

1 

a 

Early Horn (1) 

5 

1 

4 

Early Uorn (2) 
Reece 

6 

4 

1 

(local seedling 
variety) 

4 

4 

0 

TllIWUI 




Big Mack (1) 

5 

S 

o 

Big Mack (2) 



(1 winter 

5 

0 

4 killed) 

Duarte-Sntsuma 

1 hybrid (1) 

Duarte-Batsuina 

D 

3 

2 

hybrid (2) 

6 

2 

8 

Climax 

0 

4 

0 (1 winter 
killed) 

Rod Late Hardy 

4 

4 

0 

OmAha 

6 

a 

0 

Hungarian prune 

a 

s 

0 


following inoculation into wild plum, P. amorioana Marsh. 
Palmiter and Parker (0) found diseased sour cherries, 
P‘ oera*us L., close to peaches and chokeclierries affected 
with X-disease. They reported that u inoculations from 
affected sour cherries to peach resulted in typical peach- 
disease symptoms." Bodine (1) reported an estimated 
100 peach trees infected with 1 1 western X virus disease ’ 1 
in western Colorado in 1044, and that no ehokecherries 
were found in the immediate vicinity of the peach grow¬ 
ing section. His survey of the nearest area where choke- 
cherries were found revealed only healthy plants. 

Since X-disease is still present and spreading in Colo¬ 
rado peach trees and the situation remains unchanged as 

1 Published with the approval of the Director* Colorado 
Agricultural Experiment Station, Be Scientific Paper No. 287. 


to the pToxlmity of ehokccherry trees to the peach area, 
other possible hosts of the X-disease were thought to 
exist. To test this hypothesis, buds were taken in the 
summer of 1940 from peach trees having the western 
X-disease and placed into nursery trees of several varieties 
of apricots growing on apricot seedling root stock and 
also into plums growing on peach root stock. In 1947, 
buds were token from these 1946-inoeulated trees and 
placed into small Elberta peach trees. Western X-disease 
symptoms expressed in the peach in 1948 Bhowed that 
two varieties of each of the inoculated apricot and plum 
were carrying the western X-disease viruB and none of 
the 40 uninoculated check trees was affected. 

The results in Table 1 show that the Jones and Early 
Horn varieties of apricot and the Big Mock and Duarte- 
Satsuma plum can carry the western X-disease virus, 
All previously inoculated apricot and plum trees were 
roinoculated from peach in 1947 and the Climax plum 
now shows a premature yellowing and bronzing of leaves 
which suggest its possible infection. Inoculations from 
this troe, as woll ns other trees from which transmission 
was not obtained in 1947, were again made on Elberta 
peach in 1948. Symptoms found in other hosts require 
further study and will be reported later. 

References 
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2. Palmiter, D. H., and Parkeb, K. G. Phytopath., 1048, 
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Aureomycin, a New Antibiotic 1 

R. W. Bros chard, A. C. Dorn bush, S. Gordon, B. L. 
Hutchings, A. R- Kohler, G, Rrupka, S. Kuskner, 

D. V. Lefemine, end C. Pidacki 
Lederle Laboratories Division , 

American Cyanamid Company , Pearl River, New York 

A new antibiotic principle active against certain viruses 
and rickcttsia (f>) and against both Gram-positive and 
Gram-negative microorganisms (I, JB, 5) has been isolated 
from the substrate of Strcptomycea aureofaciena (d). 
The antibiotic has been named aureomycin from the 
yellow color of the parent actinomycote and the golden 
color of the crystalline antibiotic. 

Aureomycin is a weakly basic compound which contains 
both nitrogen and nonionic chlorine. Aureomycin when 
treated with alcoholic ferric chloride gives a greenish- 
brown color by reflected light and reddish color by trans¬ 
mitted light. The crystalline free base has the following 
properties: m.p., 168-189° C (uncorr.) ; [(i]d"“, -275.0 
(methanol); solubility in water, 0.5-0.6 mg/ml at 25° C; 
very soluble in the Cellosolves, dioxane, and Garbitol; 
slightly soluble in methanol, ethanol, butanol, acetone, 
ethyl acetate, and benaene; insoluble in ether and petro¬ 
leum ether; very soluble in aqueous solution above pH 

* This work was initiated and directed by the late Dr, X. 
SubbaBow, and by Dr. J. H, Williams. 
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8.5; analysis: C, 54.56; H, 5.34; N, 5.77; Cl, 7.16; O, 
21.17 (by diff.) ; mol. wt., 508 («5), 

, Aureomycin forma a hydrochloride with these proper¬ 
ties: decomposes above 210° C; - 240.0 (water) ; 

approx, solubility in water, 14 mg/ml at 25° C; pH of 
aqueous solution, 2.8-2.9; analysis: C, 61.84; H f 5.24; 
N, 5.46; total Cl, 13.27; ionic 01, 6.69; O, 24.19 (by 
diff.). The rhomboid crystals have a refractive index of 
1.700 ±0.005. The acute angle is 80 ±5°.’ 

In 0.1 N hydrochloric acid, aureomycin shows absorp¬ 
tion maxima at 230, 262.5, and 367.5 mp,, In 0.1 N 
sodium hydroxide the maxima are at 255, 2BG, and 
346 mp. 
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The metabolism of the radioactive compound is being 
studied by H. P. Morris, of the National Cancer Institute, 
and the results will be reported in a subsequent publica- 
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Experiments in Crossing 

Aedes ( Stegomyia ) aegypti Linnaeus and 

Aedes (Stegomyia) albopictus Skuse 1 

Wilbur G. Downi and Roll in H. Baker 2 

International Health Division of 

The Rockefeller Foundation , end 

Mttffum of Natural History, University of Kansas 


2-AcetyIamino-9-C 14 -FIuorene 1 


Francis Earl Ray and C. Robert Geiser 

Laboratory of Radiochemistry, University of Cincinnati 


Since it was demonstrated by Wilson, DeEds and Cox 
(4) that 2-ncetylaminofluorene causes a wide variety of 
cancer in rats, this compound has become of increasing 
importance in experimental cancer research (1-4). Pres¬ 
ent chemical methods are successful in accounting for only 
about one-third of the substance administered («?). With 
the hope of completely elucidating the mode of action 
of 2-acetylnminofluorene we have synthesized it with 
radioactive carbon-14 in the 8-position in the molecule. 


H b 

(ft 


iNHCOCH, 


Measurements were made with a Geiger tube having a 
window 4-6 mg/cm* and at a distance of 

The following equations give the yields and number of 
counts per minute at each step for a 22 mg/cm s sample 
from 2 me of BaC u O fl and 11,5 gm of 2-iodobiphenyl. 


2-Jodoblpheny] 


87% 00% 

—» 2-MpbtinyImagnesiuih Jodlde^-g 


20,897 cpin 

a-C^-blphenylcarboxyllc 


BB% 24,872 cpm 70% 
add —* O-C^-fluorenone —* 


23.880 cpm 79% 20,900 cpm 00% 

J)-C u -fluorene —> 2-nJtro-B-C n -fluorene —> 


24,832 cpm 84% 21,341 cpm 

2amIno-0-C 1 ‘-fluorene —» 2-Hcetylamlno-0-C &4 -fluorene 


1 This study was supported by research tfrant CS41 from the 
National Cancer Institute of the D, B. Public Health Bervlee. 


■We wish to thank E. F, Williams, of the Stamford Labo¬ 
ratories, American Cyanapald Company, for the-crystal analy¬ 
sis, and L. M. Brancone and staff for the mlcro&nalyses, 


In 1937, Toumanoff (4) reported a series of crosses 
made between the two species of mosquitoes, Aedes 
aegypti and Aedes albopictus. In two trials he had two 
successful crosses of albopictus females and aegypti 
males. The offspring resembled albopictus. The F a , 
F flJ and F< generations from these crosses also resembled 
albopictus. In four trials with aegypti females and albo- 
pictus males he had only one success, the offspring and 
F a generation resembling aegypti. Later (£) he reported 
five more crosses of albopictus females and aegypti males, 
two of which were successful, the F, again resembling the 
female parent. Hoang-Tich-Try (£) also reported fouT 
attempts at crossing albopictus females and aegypti 
males; two of the trials were successful, the Fj resembling 
albopictus. He did not succeed in getting an F B genera¬ 
tion. Edwards (I) comments on this work, suggesting 
the desirability of more detailed morphological studios of 
the crosses. 

In 1944, Johannes Bauer tried to confirm this work, 
using colonies of A. aegypti and A. albopictus which had 
been maintained in the New York Laboratories of the 
International Health Division of The Rockefeller Foun¬ 
dation for several years. The origin of these colonies is 
not known. It was considered possible that, in the course 
of innumerable transfers of eggs and larvae, some mixing 
of the two species might well have occurred from time to 
time. Evidence of this was obtained, for upon examina¬ 
tion of a large number of specimens from the cage of 
either colony, an occasional member of the other species 
would be found. Consequently, it can be suggested that 
neither of the lines was necessarily “pure," After pre¬ 
liminary trials, Dr. Bauer turned the project over to the 

1 Work conducted under the auspices of U. S. Naval Medi¬ 
cal Research Unit No, 2 In the Laboratories of the Inter¬ 
national Health Division of The Rockefeller Foundation, New 
York. The Navy Department doea not necessarily endorse 
the views set forth In this paper. 

• The authors were formerly with NAM RU No. fi. 
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present authors. Unfortunately, in the limited time be¬ 
tween changes In military assignments, only the brief 
observations below could be made. 

Tests were carried out in an insectary with an average 
temperature of 75° F. The mosquitoes were placed in 
cages with two layers of screening \ tf apart, with the 
front opening covered by heavy muslin cloth. Sugar 
water was kept in the cages, and every third day a chick 
was introduced into each cage to provide a blood meal. 
Eggs were placed in containers in screened cages for 
hatching and the rearing of larvae. Each pupa was re¬ 
moved and put into a separate test tube, and each adult 
transferred to a separate dry tube as it emerged. The 


TABLE 1 

CnosHiNa Attempts With A . albopictus and 
A . aegypti Mosquitoes 


Caged 

Progeny 

Observations 

Trial A, female A. 

alhoplctuH and male 

A. aegypti 

Group 1 

13 ¥ x 7 cT 

None 

A few eggs, 

Group 2 

59 ? x 37 J 

None 

none hatched 

Borne eggs, 

Group A 

170 ¥ x 112 cT 

None 

none hatched 

A few eggs, 

Group 4 

59 ¥ x 123 d 

None 

none hutched 

No eggs 

Trial B, female A. 

aegypti and male A. 

albopictus 

Group 1 

8 ¥ X 10 d 

54 ? and 104 d 


Fi generation 

44 Fi 9 x 83 Fi cT 

11 ? and 31 d 


Group 2 

52 ¥ x 28 d 

None 

Numerous 

Group 3 

105 ? x 42 d 

2 cf 

eggs, none 
hatched 

Experiment 

Group 4 

61 9 x 1B2 d* 

14 ¥ 40 cf 

Interrupted 


males and females to be introduced into cages were 
routinely checked under a low-powor microscope by two 
observers. 

A binocular dissecting microscope was used to chock 
distinguishing markings of the offspring of the crosses. 
The pattern on the mesonotum, the sides of the thorax, 
the legs, the abdomen, the head, and the palpi was care¬ 
fully examined. A. aegypti has a characteristic lyre pat¬ 
tern and A. albopictus a broad central band on the meso- 
notum. These are the principal distinguishing marks. 
The patterns of silver scales on the occiput and on the 
sternopleura and mesepimeron are also different, Comb- 
scale characters of the larvae were checked. Male termi- 
nalia were dissected out and examined. Particular atten¬ 
tion was paid to the morphology of the ninth tergito, 
which is markedly different in the two species. 

Experiments were started on August 5, 1944, and ter¬ 
minated on October 17, 1944. 


The experiments are summarized in Table 1. The 
albopiotu* females of trial A did not feed readily on 
blood, while the A. aegypti females in trial B took blood 
readily. Sperm was found in the spermatheca of only 
one of 24 albopictus females (trial A, group 3) dissected, 
although copulation had been observed. In group 2 of 
trial B, copulation was observed and of three aegypti 
females examined on October 17, one had sperm in the 
spermatheca, although no eggs were hatched. All of sev¬ 
eral aegypti females from group 4 of trial B, examined 
on October 12, had sperm in their spermathecae. 

All of tho offspring, including the F a generation of 
group 1, trial B, resembled A. aegypti in every detail. 
Tho ibst adult F a were observed on October 17, but the 
experiment had to be terminated at that time. 

It is noteworthy that in tho experiments of Toumanoff 
and of Hoang-Tich-Try, as well as in our own tests, off¬ 
spring of the crosses have resembled the female parent. 
In our work reported above, this resemblance held true 
down to the finest morphological details of larvAe and 
adult mosquitoes which it was possible for us to check. 

It is difficult to explain these results on a genetic basis. 
One possibility is that fertilization by the male of the 
other species was not a true fertilization, but served to 
stimulate partheuogenetic development of the ovum. Be 
this as it may, both male and female offspring were ob¬ 
tained. 

It is interesting that Summers Connal (8) working on 
variations observed in A . aegypti in Lagos, Nigeria, has 
noted an extensive range of color variations (the lyre 
pattern remaining constant). The possibility that A. 
aegypti will cross with closely related species In nature is 
suggested. 
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Effectiveness of Vitamin P Compounds 
in Counteracting Anticoagulant 
Action of Dicoumarol 

Gustav J. Martin end Vinton Swaync 

Research Laboratories, The National Drug Company , 
Philadelphia 

Campbell (4) and Overman, et ah ( 8 ) demonstrated in 
the rabbit that 2-methyl-l, 4-naphthoquinone counteracted 
the action dicoumarol. Overman, et al. {8) also re¬ 
ported the ability of ascorbic acid to reduce the hypo- 
prothrombinevnic response to dicoumarol. Later, this 
Wisconsin group (1) found that dicoumarol Increases the 
excretion of ascorbic acid in the rat. 
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Since vitamin P compounds have been recommended as 
adjuncts in the clinical use of dicoumarol (S) } it seemed 
important to determine any possible interaction between 


The significance of the physiological antagonism of 
dicoumarol and vitamin P compounds is unknown; how¬ 
ever, a similar antagonism in bacteriological systems has 


TABLE 1 

Phot nnou bin Times in Bats Under Dicoumarol Treatments* 



D 

D 

M 

D 

H 

D 

U 

M 

n 

B 

D 

K 

M 

C 

D 

D 

C 

M 

D 

C 

D 

C 

AA 

1. 

9' 

B'44" 

0'93" 








2. 


7'1" 

14'51" 

10'24 







a. 


5'2 2" 

4'35" 

18'2" 







4. 

irci" 

9 ' 22 " 



5'38" 

8' tfl " 





5. 

14'S" 

5'42" 



7'38" 

3'21" 





6. 

12'3H" 

0'4O" 



9'21" 

7'31" 





7. 

11'10" 

O'lO" 





6'21" 

4'41" 



B. 

G'4" 






4 ’ 2" 

2 

'26" 

47" 

1 Abbreviations 

used are: 

D—dicoumarol ; M— 

menadione ; H— 

-hcsperldln ; 

R—rutin ; 

C—catechln ; 

A A—a 

senrbic acid. 


the two. Rats (250-300 gm in weight) were used in ac¬ 
cordance with the technique of Overman, et at. (7). The 
chemicals under test mixed in cottonseed oil were admin¬ 
istered orally on three successive days with the prothrom¬ 
bin time being determined 4 hours after the last dose. 
Five rats were in each series; dosages were as follows: 
dicoumarol, 40 mg/kg; vitamin P compound, 80 mg/kg; 
ascorbic acid, 80 mg/kg; Menadione, 3.2 mg/kg. Results 
are recorded as average values for each series. Prothrom¬ 
bin times were determined by the method of Campbell, et 
al. (J). From those findings, it is apparent that D-catechin 
and rutin counteract dicoum&Tol while hosperidin does 
not. Ascorbic acid counteracts dicoumarol and acts syn- 
ergistically with D-catechin in this respect. 

Thus, the Bynergism of ascorbic acid and the vitamin 
P compounds is found in at least three systems: (1) 
antihyaluronidase action (5); (2) antioxidant action for 
nutoxidation of adrenaline (£) ; (3) counteraction of 
hypoprothrombenemia produced by dicoumarol. 


been reported ( 6 ), It seems logical that the mechanism 
controlling hemorrhage in all its phases would be inter¬ 
related. One of these mechanisms would be reflected in 

prothrombin times. „ , 
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Effect of p-Chlorophenoxyacetic Acid on the 
Vitamin C Content of Snap Beans 
Following Harvest 

John W. Mitchell, Boyce D. Ezell, and Marguerite S. Wilcox 

Bureau of Plant Induttry , SoJlr, Agriculture Engineering , 
U. S. Plant Industry Station, 

Belttvitle, Maryland 

Attention is being directed toward the effect of plant 
growth regulating substances on chemical changes that 
occur in fruits, leaves, and storage organs of plants after 
they arc harvested. Some results of this research have 
been reported (ff, 4 , 6). 

The vitamin C content of snap bean fruits (pods) in¬ 
creases as they develop, reaches a maximum as they attain 
full size, then decreases, regardless of whether the pods 


are harvested at this stage of development or left on the 
plant to mature (1, 5). 

In extending research in this field, experiments were 
made to determine the effect of p-chlorophenoxyacetic add 
on the vitamin 0 content of bean fruits of marketable 
size. Bean plants (Black Valentine, Asgrow strain) were 
grown in a greenhouse. When the largest fruits first 
attained a size acceptable for eommerdal use, water mix¬ 
tures containing various amounts of p-chlorophenoxyacetic 
acid and 1% of Tween 20 l were sprayed on the attached 
fruits. Concentrations of the acid used were: 0, 60, 260, 
500, and 1,000 ppm. 

Samples for vitamin analysis consisted of 6 to 10 
replicates of 50 gm each, and values reported ore the 
averages of these replicates. All results are reported on 
the basis of fresh weight at the time of analysis. The 

1 A sorbitol derivative used as a solubilizer and supplied by 
the Atlas Powder Company of Wilmington. Delaware, 
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vitamin C was extracted by the method of Loeffler and 
Footing (d) and determined in a photoelectric color¬ 
imeter, Compensation for turbidity was applied when 
necessary. Testa with p-chlorophenoxyacetic acid and 
Tween 20 in water showed that the acid and detergent 
did not influence the vitamin C determinations. 

Four days after treatment the fruits were still in a 
good marketable condition, There was no statistically 

TABLE 1 

Effect of Phrharvest Tbhatments With p-Chlohophr- 
noxyacbtic Acid (400 ppm) on the Vitamin C 
Content of Snap Bean Poos During 
Storage Fbbiods Immediately 
Following Harvest 


Storage 

Av. vitamin 

C content 

(rng/100 ffm 
ofllHsue 

Percent 
decrease Id 
vitamin C 
content 

Percent 

moisture 

period 
(daya) 

? 

T! 

1 

93 


1 

a 

•o 


t 

a 

£ 

t 

a 

03 

£ 

£ 

£ 


O 

H 

y 

H 

D 

H 

Greenhouse — 

treated July 

8, harvested July 

n, 19 J0 

* 

0 

17.0 

22.2 



87.8 

DO.3 

1 

13.5 

21.B 

23.3 

1.8 

88.a 

90.5 

2 

11.7 

20.6 

33.5 

7-2 

87.0 

BO. 5 

3 

11.2 

22.0 

30.4 

0.9 

88.1 

88.0 

4 

11.0 

10.6 

87.5 

11,7 

81.5 

80.0 

Greenhouse 

—treated July 15, 

harvested July I9f 


0 

23.4 

24.0 



86.7 

90.5 

1 

17.8 

21.8 

23.0 

9.2 

80.9 

87.4 

2 

10.0 

21.1 

27.8 

12.1 

84.7 

R7.0 

3 

15.4 

10.1 

34.2 

20.4 

80.0 

86,9 

4 

13.6 

10.7 

41.0 

17.9 

B!i. 8 

85.2 

Field — treated August 5 J harvested August 9$ 


0 

20.1 

25.2 



01.0 

01.7 

1 

22.6 

24.6 

18.4 

2.4 

00.5 

00.0 

2 

19.7 

28.7 

24.5 

6.0 

SB.2 

00.1 

3 

10.7 

22.7 

80.0 

0.9 

88.3 

88.1 

4 

17.8 

24.8 

31.8 

8.6 

85.0 

BB.l 

7 

15.6 

27.2 

40.2 

+ 7.4 

84.1 

82.9 

0 

12.6 

22.2 

01.7 

11.0 

81.9 

83.7 


•Difference required for significance ; 5% level, 1.2 mg; 
1 % level, 1,0 mg. 

t Difference required for significance: 5% level, 1.32 mg; 
1% level, 1.70 mg. 

t Difference required for significance: 5% level, 2.03 mg; 
1% level, 2,0B mg. 

significant difference between the vitamin C content of 
untreated fruits and those sprayed with various amounts 
of the growth regulator. 

Additional experiments were made to determine the 
effect of p-chlorophenoxyacetic acid on the vitamin G con¬ 
tent of fruits of snap beans during a storage period be¬ 
ginning immediately after they were harvested. When 
about a third of the fruits on snap bean plants grown 
ta a greenhouse had reached marketable size, they were 
sprayed with a water mixture containing 400 ppm of 
p-chlorophenoxyacetic acid and 1% of Tween 20, Un¬ 
treated plants served as controls. After 4 days all those 


of a marketable size were harvested and spread out sepa¬ 
rately in a layer (1 to 2 fruits thick) in a room where 
the temperature varied between 74" and 70° F, 

The vitamin C content of the untreated fruits de¬ 
creased by 37.5% during the 4 days immediately follow¬ 
ing harvest (Table 1). In contrast, that of treated ones 
decreased by only 11.7%. At the end of the storage 
period, treated fruits contained 78% more vitamin C/100 
gms of tissue than did the untreated ones, a highly sig¬ 
nificant difference. 

The above greenhouse experiment was repeated. Dur¬ 
ing storage, the vitamin C content of untreated fruits 
decreased by about 42% during the 4-day period, while 
that of treated ones decreased only 16% during the 
same period of time, a highly significant difference (Table 
1). At the end of the atorage period the treated fruits 
contained approximately 45% more vitamin C than did 
the untreated ones. 

In another experiment, snap beans were planted under 
field conditions during the latter part of June 1048. By 
the first week of August the plants had developed a full 
crop of fruit, most of which had just reached marketable 
size. A water mixture containing 400 ppm of p-chloro- 
phenoxyactic acid and 1% of Tween 20 was sprayed on 
the fruits. There were 12 rows of plants in the field. 
Each row was divided equally, and alternate ends were 
treated or left untreated. 

Four days after treatment all fruits were harvested 
and handled as previously described. The vitamin C con¬ 
tent of untreated ones decreased 31.8% during the first 4 
days' storage, that of treated ones only 3.0%, a highly 
significant difference. After 9 days of storage, the 
treated fruit contained 70% more vitamin C than did 
untreated ones. 

In both groenhouse and field experiments it was ob¬ 
served that the mixtures of p-chlorophenoxyacetic acid 
checked the growth of fruits that were partially developed 
at the time of treatment. There wns no apparent effect 
on the size or yield of fruits sprayed when they had at¬ 
tained a size commonly used in the marketing of snap 
beans. 

From this work it is evident that the use of a water 
mixture of p-chlorophenoxyacetic acid and Tween 20 re¬ 
sulted in the maintenance of a relatively high vitamin G 
content in bean pods following harvest. Further field 
tests are necessary to determine if this effect ib of prac¬ 
tical value. 
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A Quantitative Hardness Tester for 
Food Products 1 

Edward Ron 

Divisions of Horticulture and Industrial Research, 

State College of Washington 

A pressure-hardness tester has been designed by the 
writer and fabricated by machinists of the Division of 
Industrial Research to supply a quantitative method for 
testing hardness of fruits and other food products, re¬ 
placing the qualitative 11 thumbnail 11 or " Anger pres- 



FlG, 1. Photograph of a quantitative hardness Lester, 
Small tank not necessary when tester connected to ex¬ 
ternal source of gas pressure. Corresponding parts lettered 
as In Fig, 2. 

sure" method. At present the device (Fig. 1) is being 
used to test hardness of pears in conjunction with a 
research project jointly sponsored by the Northwest 
Oanners Association, Washington State Soft Fruit Com¬ 
mission and the Division of Horticulture, State College 
of Washington. 

The principle of the tester is the determination of that 
gas pressure necessary to force the blunt end of a piston 
a very small but Axed distance into the test material. 1 
The tester now in use forces a rounded brass tip 5/32" 
in diameter 1/32" into the pear. The top plate serves 
both as a stop, restricting penetration to 1/32" and as an 
electrical contact, completing a circuit which lights an in¬ 
dicator lamp when maximum penetration is reached. Pres¬ 
sures found necessary to effect this penetration into normal 
green pears have been observed to vary from 50 to 65 
pounds peT square inch. Abnormally hard pears were 
found to test above 65. Tips of others Bizes and pene¬ 
trations of different depths may be used for other food 

1 Published bb Scientific Paper No. 811, College of Agricul¬ 
ture and Agricultural Experiment Station, Institute of Agri¬ 
cultural Sciences, State College of Washington, Pullman, 
Washington. 

1 A tester utilizing mechanical pressure from a spring was 
also designed and may be fabricated for later work. The 
writer la grateful to Prof. N. S. Golding for supplying a 
metal hypodenple cylinder body and piston and for sugges¬ 
tions concerning Its use, 


products. Any convenient and suitable gas source may 
be used, such as compressed air or nitrogen. 



Fia. 2. Sketch of device Bhown In photograph. A — 
top plate ; B —base plate ; C —cylinder ; D— dry cell bat¬ 
tery ; F—metal frame ; G —‘pressure gauge ; L—Indicator 
ump ; P—piston ; R—regulator valve ; B—Insulated sup¬ 
port ; T—test fruit; Z—release petcock. 

Fig, 2 shows a simplified sketch of the tester, illus¬ 
trating its basic operating principles. Future models 
will be constructed from this design. 

No injury to the fruit is apparent or expected from 
this test, Pears are held firmly against top plate during 
the test, a barely visible indention being the only effect. 

The Properties of the Enzyme-Substrate 
Compounds of Horse-Radish and 
Lacto-Peroxidase 1 

Bricton Chance 2 

Medical Nobel Institute, Biochemical Department, 
Stockholm 

Peroxidases are iron-containing enzymes which, on the 
basis of both spectroscopic and magnetic susceptibility 
data, form deflnito chemical compounds with their sub¬ 
strate, hydrogen peroxide. These enzyme-substrate com¬ 
pounds cause the very rapid oxidation of oxidizable sub¬ 
stances (acceptors) such as ascorbic acid, pyrogallol, etc. 
One type of peroxidase is widely distributed in plants 
and is usually prepared from horse-radish root (horse¬ 
radish peroxidase). Another type is found in milk and 
is called lactoperoxidase. The pioneer work of Keilin 
and Mann (10) on horse-radish peroxidase and Theorell's 
(10) purification and extensive studies of both horse¬ 
radish and lactoperoxidase now make it possible to study 
in detail the properties of the several compounds which 
these enzymes form with hydrogen peroxide and the 
mechanism by which these compounds oxidize acceptors. 

i The bone-radish peroxidase, l&ctoperoxldooe, and cyto¬ 
chrome C preparations used In these studies were generously 
supplied by Hugo Theorell and K, G. Paul. Many thanks 
are due to H. Theorell, D, KelUn, and H. F. Hartree for their 
criticism and advice In these researches. A special acknowl¬ 
edgment Is made to the memory of Glenn Millikan, who 
greatly stimulated this development of the rapid-flow method 
for studies of enzyme-substrate compounds, 

■John Simon Guggenheim Memorial Fellow 1040-1948; 
present address; Johnson Research Foundation, University 
of Pennsylvania, Philadelphia 4, Pennsylvania. 
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Theories (1£) dating from 1913 have postulated that 
enzyme reactions involve enzyme-substrate compounds, 
and now these studies (4) give direct records of their 
reactions. Direct evidence of these chemical compounds 
of enzyme and substrate clearly shows that short-range, 
not long-range, forces arc required for the action of these 
enzymes. The possibility that the long-range forces pos¬ 
tulated by Bo then (14) play any part in those enzymatic 
reactions is very remote, 

When the iron atom of horse-radish peroxidase com¬ 
bines with hydrogen peroxide, three distinct colored com¬ 
pounds are formed: green (1) (1<5), pale red (II) (10), 
and bright rod (III) (10), All of them rapidly disap¬ 
pear when an oxidizable substance like ascorbic acid Is 
added, with the result that the free enzyme and oxidized 
acceptor are obtained. Here studies have been made to 
Bhow which of these three enzyme-substrate Compounds 
arc involved in the enzymatic activity of peroxidases and 
how the active complex reacts with the acceptor molecule. 

These color changes arc so rapid that a special method 
is needed, not only to measure the rates of formation 
and disappearance of the compounds, but also to obtain 
their absorption spectra. Various improvements (5) of 
the flow method .of Hartridge and Roughton (5) and 
Millikan (IS) now permit studies of the reaction kinetics 
and the absorption spectrum of an unstable enzyme-sub¬ 
strate complex that has a half-life of only several milli¬ 
seconds and a molar concentration as small as 1 x 10"®. 

The spectra of the primary and secondary enzyme-snb- 
gtrate complexes. There arc two striking features of the 
combination of these enzymes with their substrates; first, 
the brown enzyme solution becomes green, and secondly, 
this change appears to oecur instantaneously. Theorell 
(IS) first saw this reaction occur upon the addition of 
hydrogen peroxide to horse-radish peroxidase, and in 
these researches a similar Inctoperoxidase-hydrogen per¬ 
oxide complex has been found. In addition, a green 
primary hydrogen peroxide complex of the related 
enzyme, catalase, has been found (G). These three 
enzymes can also combine with substituted peroxides 
(methyl [CH„OOH] or ethyl [C 3 H B OOH] hydrogen per 
oxide), and here again green primary complexes aro 
found. In all nine cases studied, enzyme and substrate 
were found to combine in very rapid reactions. 

By using the rapid flow apparatus, quantitative data on 
the absorption spectra of these green primary compounds 
have been obtained. The addition of peroxide to these 
enzymes causes a very large decrease in the intensity of 
their major absorption band as shown by the shift from 
curve A to curve I of Fig. 1. The spectra of the nine 
primary compounds studied are very similar, and it is 
concluded that they all involve the same type of iron* 
peroxide bond. From Theoreirs studies of the magnetic 
susceptibility of related peroxidase compounds (peroxi¬ 
dase fluoride) (17), it is probable that the iron atoms of 
these primary enzyme-substrate compounds are bound by 
essentially ionic bonds in the primary complexes. 

In peroxidases, these primary peroxide complexes 
rapidly shift into a red secondary form in about 0.1 sec 


under these conditions. These red forms were first seen 
and their visible absorption bands were measured by 
Keilin and Mann (Id) using horse-radish peroxidase and 
by Theorell and Akeson (19) using laetoperoxidaee. 
Curve II of Fig- 1 shows that the absorption band of 
the secondary complex differs considerably from that 
of the primary complex. Curve II closely resembles 
the absorption baud of horse-radish peroxidase-cyanide 
which has been found by Theorell to have covalent bond- 



Kiu. 1. The Soret bands of free peroxidase (A) 
and peroxidase combined with hydrogen peroxide to 
form the primary (1), secondary (II), and tertiary 
compounds (III). Complex I Is very unstable and 
the points on this spectrum were measured by means 
of the rapid-flow apparatus. Under proper conditions. 
Complex II Is relatively stable and both the rapid-flow 
apparatus and the Beckman spectrophotometer were 
used to measure Us spectrum. Complex III forms In 
the presence of a large excess (10- to 100-fold) of 
hydrogen peroxide; its spectrum was measured In the 
Deckman spectrophotometer. 

ing. Thus it is probable that these secondary peroxidase- 
peroxide complexes also have covalent bonding. These 
data show that the substrate can combino with the enzyme 
so as to alter profoundly the absorption spectrum and the 
nature of the chemical bonds in the enzyme. 

The reaction kinetics of the primary and secondary 
complexes. By timing the rate of formation of the pri¬ 
mary complexes in the rapid-flow apparatus, the reaction- 
velocity constants for the union of peroxidase with 
peroxide molecules have been studied. In this very rapid 
reaction, the hydroxyl group bound by ionic bonds to the 
iron atom of peroxidase (16) is replaced by the peroxide 
group: 

Per - OH + HOOR Pot ■ OOE(I) + (1) 

brown k„ green 

R may be H- (IS ), OHr* or and the values of ki 
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for these substrates are given in Table 1. These enzymes 
combine with their substrates at about the same speed as 
muscle hemoglobin combines with oxygen (1*3). 


ticular experiment. The quantity t^n is the time from 
t = 0 until the concentration of complex II has fallen to 
half Its maximum value. Thereby the enzyme substrate 


TABLE 1 


Reaction Velocity Constants foh Equations 1, 2, and 3 


Enzyme 


Horse-radish 

peroxidase 


Lacto- 
per oxidase 


Substrate hi (M- 1 x sec- 1 ) 


Kmi(M) hi (setr 1 ) ki (sec- 1 ) MM-' x sec- 1 ) k.fM- 1 x setr 1 ) 

_ , for ascorbic for pyrogallol 

for zero acceptor concentration acid (pH 7.0) (pH 7-0) 


hydrogen 

peroxide 

1 x 10 T 

1.0 x 1(H 

methyl- 

1.5 X 10" 

3 x 10 1 

hydrogen 

peroxide 



ethyl- 

hydrogen 

peroxide 

3.0 x 10" 


hydrogen 

2 x 10* 

1 x 10 « 

peroxide 



methyl- 

hydrogen 

peroxide 

0 x 10" 

2 x 10" 

ethyl- 

hydrogen 

peroxide 

2 x 10" 

2 X10-" 


4.0 

0.05 

2, 800 

2.1 xlO 1 

4.0 

0.03 

2,800 

2.1 x 10“ 

4.0 

0.02 

2,200 

1.8 x 10“ 

4.0 

0.03 

5,400 

7 x 10“ 

4.0 

0.03 

2,700 


4.0 

0.02 

2,100 



Complex I is spontaneously converted into complex II 
in a first-order reaction: 

ky 

Per-OOR (I) «-* Per ■ OOR (II) (2) 

green red 

The oxidation reaction occurs on combination of the ac¬ 
ceptor molecule (AH,) with the secondary complex and 
results in the liberation of the free enzyme; 




V 


Per OOR (II) + AH, 

Ted 


LAH 8 ] 


Per ■ OH + A + ROH (3) 
brown 


The velocity constant (k ( ) for the reaction of complex 
II with acceptor is here taken as a measure pf the en¬ 
zyme activity (see Table 1). The values of k 7 given in 
the table increase greatly when an acceptor is addod. 
Therefore, the transition from complex I to complex II 
is not a rate-determining step in peroxidase kinetics. 
Only the combination of enzyme and substrate and their 
reactions with the acceptor are rate-determining steps 
in accordance with previous data (rf). When [AH a ] =0, 
complex II nevertheless spontaneously decomposes in a 
first-order reaction of rate k a (see Table*!). 

In these studies, the utilization of peroxide by the en¬ 
zyme system can be readily measured from the graph of 
the concentration of complex II as a function of time as 
shown in Fig. 2. Complete solutions of the equations for 
peroxidase kinetics (4) have shown that a simple relation 
exists between k< and values readily measured from the 
kinetics of complex II: 


[HOPE] _ M 

‘" [For ■ OOH - II] [AH,]^,, 


(4) 


where [HOOR] and [AH t ] are initial concentrations 
([AH,] > [HOOR]) and [Per ■ OOH (II)] is the maxi¬ 
mum concentration to which complex II riles in the par- 


complex is used as a spcctrophotometric indicator of its 
activity. This method permits studies of enzyme activ 
ity in the presence of substrate concentrations which are 
much less than those measurable! by ordinary techniques. 
Thus enzyme inactivation caused by excessive substrate 
concentrations is avoided. 

The values of k, given in Table 1 show that, usually, 
the reaction of enzyme and eubgtrate is considerably 
more rupidly than the reaction of comploi II with the 
acceptor. This is not a general rule; the reaction of 
complex II of lactoperoxidaae and hydrogen peroxide 
with hydroquinono is nearly aa rapid a» the combination 
with hydrogen peroxide. 

The values of k 4 show that lactoperoxidase Is a more 
active enzyme with these two acceptor* than ia the plant 
enzyme. In addition, the milk enzyme combine* more 
rapidly with hydrogen peroxide. These difference* may 
be attributed to difference* between the protein part* of 
thcBe two enzymes. 

In general, the peroxidase complexes formed from the 
substituted pe rox i d es -wet just as rapidly with acceptors 
as do the complexes formed from hydrogen peroxide. The 
same result was obtained in the reactions of the catalase- 
peroxide complexes with alcohols and other substances 
(6). The rate of formation of the primary complexes, 
however, decreases somewhat with the substituted per¬ 
oxides, possibly owing to a steric effect. This effect is 
much less with peroxidases than with catalases (6). 

Fig. 2 illustrates the effect of using three different 
substrates upon the kinetics of complex II. With hydro¬ 
gen peroxide, ki is largest, and the concentration of com¬ 
plex II rises to very nearly its saturation value. Because 
nearly all the enzyme is in the form of this reactive com¬ 
plex, the oxidation of ascorbic acid is rapid, and conse¬ 
quently the hydrogen peroxide Is consumed in about t*o 
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seconds. Since mothyl hydrogen peroxide combines more 
slowly with peroxidase, the concentration of complex II 
rises to a smaller value in this test, and the consumption 
of the peroxide requires a longer time. A similar effect 
is observed with ethyl hydrogen peroxide. But in all 
three cases, the values of k 4 calculated from equation 4 
are nearly the same (2,800, 2,800, and 2,BOO M J XueC' 1 ; 



Fiq. 2. Illustrating the use of the rapid-flow a|jpA- 
ratus In the measurement of the rapid formation (fast 
rise of traces) and disappearance (slower fall of 
traces) of the enzyme-substrate complexes of horse¬ 
radish peroxidase (2.9x10-* M) caused by reactions 
with hydrogen peroxide (3.0x10-* M), methyl hydro¬ 
gen peroxide (4.2x10-* M), and ethyl hydrogen per¬ 
oxide (3.2 x 1Q-* M) In the presence of ascorbic acid 
(40x10-* M). These three enzyme-substrate com¬ 
plexes are here used as spectropbotometrlc Indicators 
of the peroxide concentration; the velocity of their 
reaction with ascorbic acid is calculated by equation 5. 
The results are given In Table 1. 

see Table 1). The earlier conclusion of Wieland and 
Sutter (£0) that the activity of horse radish peroxidase 
with ethyl hydrogen peroxide is i that with hydrogen 
peroxide is apparently incorrect. 

In the absence of added acceptor, the very high affinity 
of the enzyme for its substrate can be demonstrated; 
Table 1 lists as Em, the concentrations of peroxide which 
give the half-saturation value of complex II. These con¬ 
centrations are much less than those required to half- 
saturate muscle hemoglobin with oxygen and about as 
small as the concentration of oxygen estimated to give 
half-saturation of the respiratory enzyme (15). 

With horse-radish peroxidase, but not with lactoperoxi- 
dase, the values of It, and k B can be reduced more than 
tenfold by repeated additions of an equivalent of perox¬ 
ide, But kj has never been reduced to zero; the enzyme- 
substrate compounds of both peroxidase and catalases 
slowly undergo "spontaneous” decomposition (whose 
mechanism is not understood) into the free enzyme. 

The reversible decomposition of the enzyme-substrate 
complexes (k B of equation 1) does not appear to play 
an important role in the reaction kinetics; in fact, final 
proof of the existence of k, is laeking. Hence, the 
rapidly reversible combination of enzyme and substrate 
pictured in the theory of Michaelis and Menton (14) is 
not characteristic of these enzymes. 

The relation between the enzyme-substrate bond and 
Me activity. In peroxidase, the covalent secondary com¬ 
plex must be formed before oxidation of ^he acceptor oc¬ 


curs and the enzyme is liberated from the complex, But 
in catalases, the primary complex with presumably ionic 
bonds appears to react directly with the acceptor; the 
enzyme is liberated from the primary complex without 
the formation of a measurable amount of a secondary 
complex of the type that peroxidase forms. This funda¬ 
mental difference in the mechanism of catalase and per¬ 
oxidase reactions may ultimately be resolved by further 
search of an undiscovered covalent complex in catalase 
reactions. Nevertheless, based on the nine similar pri¬ 
mary complexes of catalase, horse-radish peroxidase, and 
lactoperoxidase, which surely have the same bond type 
(probably ionic), there is support for the generalization 
that this type of compound of enzyme and substrate 
forma first and more rapidly than the covalent compound. 

None of theBe oxidations caused by these hematin-per- 
oxide complexes can be inhibited by carbon monoxide 
( 6, 7, 8, 10), and therefore, the iron atom of these per¬ 
oxidases is concluded to be trivalent and to remain tri- 
vnlcnt in reactions with the substrates and acceptors. 

The relation between hemelinked groups and activity. 
By a variation of the pH, linkages between the iron atom 
of peroxidases and the protein molecule can be altered, 
and their effect upon peroxidase activity may be deter¬ 
mined. In alkalino solution above pH 9, peroxidase ac¬ 
quires a covalently bound hydroxyl group (17). Under 
these conditions the enzyme-substrate complexes do not 
form, and the enzyme is inactive, the effect being very 
similar to that observed whon cyanide is bound to the iron 
atom of peroxidase by covalent bonds. Apparently the 
exchange reaction of equation 1 between the hydroxyl 
group bound by ionic bondfl and the peroxide group is 
inhibited when the hydroxyl group is bound to the iron 
atom of peroxidase by covalent bonds. 

The dissociation constant (Km,) and reaction kinetics 
of the primary and secondary complexes of horse-radish 
peroxidase aro found to be practically unchanged from 
pH 8,8 to 3.0. This is in accordance with studies of 
this particular peroxidase preparation which shows no 
changes of heme linkage in this pH region. Below pH 
3.6, a change of heme linkage of pK 3.5 is found by di¬ 
rect spcctrophotometric studies and by the effect of pH 
upon the dissociation constant of the horse-radish peroxi¬ 
dase fluoride and cyanide compounds. 

In accordance with these data, the values of k 4 for the 
reaction of complex II with a number of acceptors show 
no systematic variation in the region pH 3.6 to 6.7. In 
general, nearly constant activity is found in this region, 
for example, in the case of hydroquinone, guaiacol, and 
pyrogallol. Where changes of k< are observed, changes 
in the course of the oxidation are also observed (leuco- 
malachite green). 

As a consequence of these experiments, the previous 
concept of sharp "pH optima" for peroxidases and cata¬ 
lases may be ^discarded. When the actual reaction veloc¬ 
ity constants involved in the enzymatic activity are 
measured directly from the kinetics of the enzyme-sub¬ 
strate complex, errors caused by enzyme inactivation, by 
partial saturation of the enzyme with substrate, or by 
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a variable lag between the disappearance of substrate 
and the appearance of a colored reaction product are 
eliminated. The activity is practically constant in the 
broad region where no changes of heme-linkages occur. 

Aooeptor specificity. Balls and Hale (J) generally 
describe peroxidase as a dehydrogenase removing two 
hydrogen atoms from different carbon atoms. Ascorbic 
acid, dihydroxymnleic acid, and o-dihydroxybonzenea are 

OH OH 

examples of the enediol group, —= dj—, which on re¬ 


action with peroxidase-peroxide complexes is dehy- 

0 O 


drogenated to the diketo or o-quiuone group, —C—C—. 
Such a reaction is related to the action of catfilase-per- 

II 


oxides on the 


-J-c 


IH group of a lower alcohol, meth¬ 


ylene glycol, or formic acid, where two hydrogen atoms 
attached to the Binne carbon atom are removed ( 6 ) to 


give the group —C=0. "While catalase has been found 
to be highly specific for small molecules of related struc¬ 
ture, peroxidase-peroxides oxidize a wide range of rather 
different substances, for example, iodide or leucomala- 
chite green. It is clear, however, that the broader ac¬ 
ceptor specificity of peroxidase includes reactions analo¬ 
gous to those of catalase except that the two hydrogen 
atoms are attached to different carbon atoms. Since cata¬ 
lase hematin is accessible only to small molecules while 
peroxidase hematin is accessible to rather large molecules, 
further analogies between catalase and peroxidase speci¬ 
ficity are difficult to demonstrate. 

The oxidation of a number of substances previously 
considered to be inhibitors of peroxidase activity (J), 
e.g., phenol, nniline, resorcinol, and phloroglucinol, can 
be demonstrated by these more sensitive methods. 

A particularly interesting reaction is the oxidation of 
ferrocytochrome C by the peroxidase-peroxide complexes. 
Contrary to the conclusions of Altschul, Abrams, and 
Hogness (1), horse-radish peroxidase has considerable 
activity in this reaction as does lactoporoxidase. At pH 
4.6, the turnover numbers of these enzymes are k, = 3.1 
and 2.5 sec- 1 , respectively, as calculated from the rate of 
oxidation of ferro- to ferrlcytochrome C. In view of the 
acceptor specificity of peroxidase, it is more likely that 
the peroxidase-peroxide complex initially oxidizes the 
imidazole group of ferrocytochrome C and not the iron 
atom (see Theorell, 16). 

The ternary complex of enzyme substrate and acceptor. 
The kinetics of oxidation of ferrocytochrome C oxidation 
by the peroxidase-peroxide complexes, instead of being 
first order as equation B indicates, approximate the zero 
order until the ferrocytochrome C concentration has 
fallen to a small value. These reaction kinetics suggest 
that the rate-limiting stop is the decomposition of a 
ternary complex of enzyme-substrate and acceptor; 


1*4 

Per • OOR (II)+AH,n -* 

/ AH fl k. 

Per ■ OOB (II) *-* Per ■ Off + A + BOH (5) 


Usually k„ is fairly large—with pyrogallol it may be 
greater than 2,000 sec -1 . However, with ascorbic acid, 
k fl is roughly 20 sec- 1 . Values for k B in the oxidation of 
methanol by catalase peroxides are about 10 sec- 1 . The 
unusually small value of k B (~ 3 sec- 1 ) in the ferrocyto¬ 
chrome C reaction is possibly caused by the complexity 
of the cytochrome G molecule and the stoichiometry of 
the reaction. There is ample kinetic evidence for equa¬ 
tion 5 but, as yet, no spectroscopic evidence for such a 
ternary complex has boon obtained (see also LuValle and 
Goddard, 11). 

Activity and oxidation-reduction potential. The veloc¬ 
ity constant (k 4 ) for the reaction of complex II with ac¬ 
ceptor molecules of different oxidation-reduction poten¬ 
tial has been studied. First, the variation of pH from 
3.6 to 6.7 causes no systematic decrease in the values of 
k 4 for hydroquinone, guaiacol, and pyrogallol, yet their 
oxidation-reduction potential decreases by 0.186 v because 
of this pH change (2). If hydroquinone is replaced by 
quinhydrone at constant pH, tho value of k, calculated 
on the basis of the hydroquinone molarity is nearly con¬ 
stant. Thus other factors are much more important than 
oxidation-reduction potential in determining the value 
of k*. For example, hydroquinone and pyrogallol have 
about the same oxidation-reduction potential but hydro¬ 
quinone reacts about 10 times more rapidly (k 4 = 25 X 10 - 
compared to 2.1 X 10 B M- 1 x sec- 1 ). 

It is concluded that the rates of these biological oxida¬ 
tions are remotely related to the oxidation-reduction po¬ 
tentials of the acceptors. 
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Comments and 
Communications 

Pressure Patterns in Bird Migration 

Before I read ^ H. Landsberg's suggestion (Science, 
December 24 f p. 708) that, on migration, birds fly ac¬ 
cording to meteorological prefigure patterns, I had come 
to a similar conclusion after an experience with tho red¬ 
wing (Turdiu* inusirus L.). Redwings usually come from 
Norway to the east coast of the United Kingdom in au¬ 
tumn or early winter and gradually pass further south 
as the weather becomes colder. With the advent of 
warmer weather in spring, they retreat in the opposite 
direction. Bui this rule does not always hold, as is shown 
by a remarkable immigration which took place in Febru¬ 
ary 1948 at Hill Head, Hants. The month opened with 
spring-like weather, alternating sunshine and showers, the 
wind being in the southwest. By February 7 the hazel 
catkins were out and the sallow buds wero opening. On 
February 10 there was a sudden change—the weather was 
cold and dry with an east wind which blew for throe days 
before shifting to the northeast. There was then a 
sprinkling of snow at night followed by slight snow. By 
next day it was freezing and more snow fell. On Febru¬ 
ary 21 with tho wind still northeast, there was a blizzard 
of snow which lasted most of the day. All through that 
day there was ft continuous stream of small parties of 
redwings flying low and crossing tho coast from tho 
south. Next day, the snow lay four inches deep, a most 
unusual occurrence at Hill Head, and a few more red¬ 
wings came in from the sea. The snow had stopped 
falling by that morning, and all day there were crowded 
parties of redwings, with a few fieldfares ( T . pilaris L.), 
sheltering under the bushes in our garden. 

Reference to the meteorological maps of that period 
shows that there was an anticyclone centered in the 
North 0ea, with the result that snow must have fallen 
heavily in Bcandinnvio, obliterating the redwings' food 
supply^ whereupon the birds must have taken to the air 
to seek fresh provender and have been carried by the 
wind of the anticyclonic pressure systems to Denmark, 
the Lowlands, and France, and thence to the south coast 
of England. Far from finding a new food supply, the 
birds had been carried helplessly along the outer edge of 
the pressure system, and thus remained in the area of snow 
precipitation, with the result that many of them died Of 
starvation. 

C. SUJTEEN 

Sill Bead, Fareham, Santa , England 

On the Carcinogenesis of 
2-Substituted Fluorenes 

The noneareinogenic coal-tar hydrocarbon, fluorene, Is 
made carcinogenic by the introduction of such groups as 
SGetylomino, diacetylamino, amino, and nitro in the 2 


position (H. P. Morris, C. 8. Dubnik, T. B. Dunn, and 
J. M. Johnson, Cancer Fea t 1947, 7, 730-1). In a 
paper dealing with a biochemical hypothesis of the gen¬ 
esis of cancer (L. A. Pinck, Ann. N. 7. Acad. Soi., 1948, 
50, Art. 1, 1-17) it was postulated that the position ,of 
the substituent r nth or than its chemical composition was 
in a larger measure responsible for the functional at¬ 
tribute of the carcinogen. It was indicated that other 
substituents in the 2 position of the fluorene molecule, 
having electronegativities within certain limits in the 
range of that of the acetylamino group, might also make 
those fluorene derivatives carcinogenic. From a chemical 
viewpoint tho methylene group in the 9 position of the 
fluorene molecule (encircled in Fig. 1) is greatly acti¬ 
vated by the presence of a substituent in the 2 position. 
This point was confirmed by work recently published. 



Schiossler Hnd Eldred (/. Amer. Chem . Sac., 1948, 70, 
3958-9) found that 2-acetyl fluorene is readily oxidized 
to fluorenone-2-carboxylie acid by the action of potassium 
hypochlorite at room temperature, whereas fluorene under 
the same conditions does not yield a truce of fluorenone. 
Ray, Weisburgor and Weisburgor (J. org. Chem., 1948, 
13, 855-602 reported that 9,9'-bifluoryl-2,2'-dicarbox- 
amldine dihydrochloride is easily converted to the 0,9'- 
bifluorylidene derivative by air oxidation and that special 
precautions are necessary to prevent its oxidation in the 
course of crystallization. The chemical behavior of the 
above compound is quite different from that of 9,9'-bi- 
fluoryl. A change in the activity of the methylene group 
due to the presence of a nitro group in the 2 position of 
fluorene was also reported by other investigators (E. 
llergmann, H. Hoffman, and D. Winter. Ber. 1933, 68, 
46-54; A. Novelli and A. P. G. de Varela. Ciencia E 
Investigation 1048, 82-84). 

On the basis of the reactions cited above and those 
referred to in the cancer paper I should like to call the 
attention of oncologists to the very reactive nucleus of a 
carcinogenic fluorene, namely, the methylene group in 
the 0 position, and to the first step in carcinogenesis 
which obviously involves the oxidation of this particular 
group as postulated in my hypothesis. 

Louis A. Pinck 

Plant Industry Station, 

U. 8. Department of Agriculture, 

Beltsville, Maryland 
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Oyster Mortality io Louisiana 

In a recent comment (Science, October 29, pp. 484- 
485) Gunter apparently attempts to minimize the serious¬ 
ness of the oyster losses in the State of Louisiana which 
have occurred and are continuing to occur. The use of 
statistics in such a connection can be very misleading 1 
without detailed study of the facts. Even though the 
total production remains stable or actually increases, it 
must be realized that this situation results from expan¬ 
sion of the industry through use of undeveloped grounds, 
of which Louisiana has an abundance, and of better utili¬ 
zation of producing grounds. It does not negate the fact 
that a continuing unexplained mortality may prevent the 
production from reaching even higher levels. Further¬ 
more, once the expansion is completed, this mortality may 
then result in decline as the adverse factors causing this 
mortality continue and spread to other areas. This latter 
possibility has been in the minds of Louisiana oyster con¬ 
servationists for some time. Because they arc progressive 
and look into the future, they have good reason for 
alarm. 

Conservation officials of the State have repeatedly asked 
the Fish and Wildlife Service to assist them with prob¬ 
lems of unexplained and continuing severe oyster mor¬ 
talities. As a result of those requests I was detailed 
to Louisiana for this work a few years ago. Unfortu¬ 
nately, the studies wore discontinued abruptly because of 
the war. But even in this brief work, we saw sudden 
oyster deaths and watched many acres of oyster bottoms 
covered with excellent oysters change into acres of empty 
shells. Oystennen sustained heavily financial losses, the 
production of their ground dropping to zero. It cannot 
be denied that serious mortalities have occurred and are 
of great concern to the oyster industry of Louisiana. 
The seriousness of such losses should not be overlooked 
for their is danger that the factor or factors bringing 
about these mortalities may continue to spread. 

Walter A. Chipman, Jr. 

17. S. Fish and Wildlife 8 t ervice } 

College Park, Maryland 


Biological Education in Secondary Schools 

The increase in food production which has been accom¬ 
plished in spite of a shortage of labor is the result of 
the application of scientific principles to farming. This 
is modern agriculture, and it has little in common with 
tho traditional ideas of peasant farming. The effective 
use of fertilizers of high yielding varieties, of chemicals 
which control insects, nematodes, and weeds, of better 
agricultural machinery, and of better agricultural prac¬ 
tices have all contributed to making this nation a leader 
in agriculture. What are we doing to maintain this 
leadership in the future) Do we adequately acquaint the 
coming generations with the basic principles of biology, 


chemistry, and physics upon which rests our future in 
agriculture 1 

Like bo many othor biologists, I have watched with 
apprehension the appalling lack of appreciation of the 
importance of the teaching of biology at the secondary 
school level in thiH country. To me it seems obvious 
that, if we are to keep our loading position, we will have 
to gear our educational system to modem agriculture. 
This cannot be done adequately without making biology 
a required subject in all secondary schools. 

Other countries have long realized the importance of 
indoctrinating their coming generations in the principles 
of biology, In Holland, long a leader in the field of in¬ 
tensive agriculture in their home country and the tropics, 
every student attending secondary school receives five full 
years of training in zoology and botany. This has con¬ 
tributed much in providing the Dutch empire with a 
steady supply of workers necessary in all the phases of 
a complicated economy based on modern agriculture. 
Training of this sort provides a suitable basis for fur¬ 
ther specialization. In addition, it has great cultural 
value in that a larger Bection of the population obtains 
a better understanding of the problems which confront 
an agricultural economy. 

In this country we could well profit by this example 
and embark on an educational program which will make 
the nation aware that our economy actually rests on bio¬ 
logical principles. High school courses could start profit¬ 
ably during the freshman year with a simple course in 
human anatomy. Young people are very interested in 
themselves; hence such a course would logically serve 
as an introduction to biology. Gradually the student 
should become acquainted with other forms of life that 
exist in the world around us. In an age of synthetic 
chemicals we tend to forget that the source of energy 
which makes human beings go is still derived from food, 
for which we are dependent upon plants and animals. 
Courses in biology should therefore include animal and 
plant taxonomy, morphology, and anatomy. .During the 
final years, when the student is acquiring knowledge of 
physics and chemistry, some of the principles of animal 
and plant physiology could be taught. Tills emphasizes 
the desirability of teaching biology as an integral part 
of a required course in basic science. 

We are well aware that our store of scientific knowl¬ 
edge has increased enormously during the past decades, 
and one would therefore be inclined to think that teach¬ 
ing of basic science at the secondary school level would 
hopelessly overcrowd the curriculum with complicated 
courses. This is not necessarily so, On the contrary, we 
are now in a position to teach the principles and omit 
the frills. As Pauling has stated in the introduction of 
his new ohemistry book; 1 Nevertheless, despite its growth 
(the) science can now bo presented to the student more 
easily and effectively than ever before," 

J. VAN OVRRBEEK 

Agricultural Laboratory, 

Shell Oil Company, I no., 

Modesto, California 
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In Memoriam 


Wesley Clair Mitchell 
1874-1948 

When Wesley Mitchell started the National Bureau 
of Economic Research in 1920, the work and the teach¬ 
ing of economics were largely a speculative exercise. 
Concepts such as “normal value” and “marginal util¬ 
ity” held the center of the stage. Wesley Mitchell 
brought to this thinking a simple but radical program. 
Without minimizing the role of theory in economics, 
Dr. Mitchell held that it was possible to substitute 
fact for conjecture and tested conclusion for hypoth¬ 
esis. He developed what waii, in my judgment, the 
most majestic research conception that any economist 
or group of economists has yet produced. By measur¬ 
ing and analyzing continuingly the central flows of 
our economic life, he undertook to find out “what has 
really happened” and “what is happening,” and thus 
lay a foundation for the third question, “why?” No 
economist of our time has contributed so fundamen¬ 
tally to building n body of verified economic knowl¬ 
edge. 

But the heart of my thought today is this: What 
did Wesley Mitchell, the man, contribute to Wesley 
Mitchell, the scholar? 

In the social sciences the nature of the problems, 
the nature of the data, the less mature development 
of methodology, and the tremendous pressures on stu¬ 
dents to jump to conclusions, or to some special con¬ 
clusion, make it inevitable that a larger share of the 
needed controls and defenses must exist in the char¬ 
acter and spirit of the scholar than is the case in the 
physical and biological sciences. And Dr. Mitchell 
had those inner qualities that multiplied the value of 
his scholarship and enhanced its influence among all 
men. 

Dr. Mitchell had one of the oleanest-ent, most ana¬ 
lytical minds I have ever encountered, and a memory 
to match. His role was to discover truth, and its dis¬ 
covery remained a holy experience with him to his 
dying day* It was not enough to say a contribution 
was original or ingenious or plausible or logical. He 
insisted on establishing methods which would answer 
the ultimate question; "Is it true to life?” No matter 
how difficult, complicated, or costly in time and effort, 
Mitchell demanded the answer to that question. He 
was a perfectionist,—a determined, persistent, work¬ 
ing perfectionist. The words which Dr. Arthur F. 
Burns, Director of Research of the National Bureau, 
recently used to describe the qualifications needed for 


fruitful empirical research in economics were, in el- 
feet, a description of Wesley Mitchell and his stead¬ 
fastness of purpose and method: 

"He must have the patience to examine with meticulous 
care the economic coverage and representativeness of the 
statistics that lie at hand; the enterprise to seek out 
remote and inaccessible bodies of information; the im¬ 
agination and technical skill to devise appropriate methods 
of relating, combining, reducing, or decomposing sta¬ 
tistical observations; the personal industry or the clerical 
assistance to carry through these laborious operations; 
the common sense to make full use of nouquantitative in¬ 
formation about commercial markets and processes; the 
conscience to test results repeatedly against fresh obser¬ 
vations; the character to scrap results if error or un¬ 
conscious bias is spotted; the fortitude to expose his 
materials and methods to the public's gaze; the wisdom 
to seek the help of others who might make his own best 
efforts obsolete." 

The thing which stands out in my mind about Mit¬ 
chell’s work was its emphasis on quality and the 
thoroughness with which he did a job so that it did 
not need redoing by the next person who came along. 
The fundamental conception which permeated Mit¬ 
chell's philosophy of work was precisely the concep¬ 
tion that each man should be able to build on what 
went before without having to redo the entire struc¬ 
ture. He believed and practiced the theory that the 
function of research people was to provide bricks for 
a building, and that each man should not take as his 
own job the building of the whole structure. To give 
one small example, I refer to Mitchell's little classic 
on index numbers. This is a subject on which a great 
deal has been written by a great many people. Much 
of the work has been more flashy than Mitchell's; yet 
his classic is by far the best thing available on the 
subject. He did a job that needed to be done, and he 
did it once and for all. He laid his bricks in a foun¬ 
dation upon which others could build firmly. 

This emphasis on quality of workmanship as a pre¬ 
requisite for making economics a cumulative science 
seems to me to be the most important element in 
Mitchell's -methodological position. 

A personal characteristic that strengthened his 
capacity to attain this quality was his ability to take 
criticism. Three yeara ago he told a colleague: “I 
hope I finish this job on which I am now working 
before I become too old to take criticism.” I doubt 
whether any colleague of Mitchell's can recall when he 
ever took personally any criticism directed at himself; 
he always reached out to such criticism with eager 
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sympathy and an open mind. Where critical himself, 
he was never carpingly so, but always considered ideas 
and developments in their proper and therefore ex¬ 
planatory setting. And he expressed his own ideas 
with exceptional clarity and elegance. A great es¬ 
sayist was lost when Wesley Mitchell turned to eco¬ 
nomic reasearch. 

So far, I have been discussing chiefly Mitchell's 
qualities of mind and character. I turn now to his 
more personal qualities as a colleague who was also 
a delightful human being. I think first of his humil¬ 
ity. Once, when Moore's mathematical approach to 
business cycles was under discussion, a colleague com¬ 
mented upon its originality, and Mitchell replied, fi I 
am not so brilliant and I find my mind moves more 
slowly.” The impression lie created on this colleague 
was that of a man who was modest to the point of 
humility about the capacity of his mind to undertake 
ambitious flights of imagination, and therefore of his 
imperative need to go step by step as the data re¬ 
vealed one connection after another. But Dr. Mitch¬ 
ell's humility did not prevent his doing an artistic 
job of calling a man down when he needed it. 

With this undue modesty about himself, Wesley 
Mitchell had an inveterate respect for other scholars. 
His humility was fused with his optimism. This op¬ 
timism was partly reflected in his respect for the 
human mind, partly implicit in his stress on empirical 
investigation- A man must’ be a fundamental op¬ 
timist to believe that human intelligence, regardless 
of the limitations it has shown, can be firmly counted 
on to add something useful; to believe that all workers 
in a field deserve respect because they all contribute 
within their capacities to the ultimate result. And 
a man rejects preconceived prejudices and instinctive 
reactions when he stresses the importance of accumu¬ 
lating data and relating them, item by item, to in¬ 
creasingly relevant hypotheses for the understanding 
of social processes. Such a man must believe im¬ 
plicitly in human responsiveness to objective knowl¬ 
edge. I can explain in no other way the kindly 
readiness that he always displayed to assist younger 
workers who became impatient with the recalcitrance 
of the data, or who lost faith in the possibility of 
deriving beneficial conclusions from empirical study. 


In spite of the tremendous discipline he enforced 
on himself, Mitchell was always ready to give of hia 
time, his thought, and his work unsparingly to others. 
One friend said to me on his death *. 

“I did not know Dr. Mitchell well, yet I deeply feel 
his death. This is because of his spontaneous sym¬ 
pathy. He was really concerned with what you were 
doing and thinking, and he showed it. The few times 
I talked with him, always briefly, left me with a kind 
of renewal of spirit, a kind of resistance to a feeling 
of futility. If these brief and casual contacts would 
evoke such a feeling of fellowship, how much greater 
must have been his influence on those who knew him 
more intimately. It was the warmth of his person¬ 
ality that left its impression on me. It is my belief 
that in academic circles there is a certain tendency 
for older men to make casual encounters an occasion 
for impressing their own superiority upon their jun¬ 
iors. Dr. Mitchell did not do that. He assumed an 
equality that did not exist except on one level, the 
level of effort and aspiration. But that is perhaps 
the only sound level of human footing. It is my 
opinion that this trait has had much to do with the 
character of the National Bureau.” 

Wesley Mitchell was a man of integrity, of enor¬ 
mous tolerance, and catholicity of spirit. He was a 
scholar with a fairness and objectivity that no one 
ever questioned—a human being with gaiety and an 
infectious sense of humor. I hope that all scientists 
will read the lessonB of his character and spirit, along 
with the lessons from his mind, and thus help to keep 
these qualities viable. 

(In these remarks, made at the memorial meeting 
held for Dr. Mitchell at Columbia University, Decem¬ 
ber 4, 1948, I have drawn freely, without specific 
acknowledgment, on conversations and correspond¬ 
ence with my own colleagues and former colleagues 
and friends of Dr. Mitchell's including Anne Bczan- 
son, Arthur F. Burns, William J. Carson, Milton 
Friedman, Simon Kuznets, Frederick C. Mills, Ros¬ 
well C. McCrea, Robert Warren, and Leo Wolman.) 

Joseph H. Willitb 

The Rockefeller Foundation f New York City 
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Book Reviews 


A text-book of mathematical analysis: the uniform ralntjiu 
and Us application*. R. L, Goodstein. Oxford, Engl.: 
Clarendon Press; New York: Oxford Univ. Press, 1948. 
Pp. xii + 476. (9.00. 

In presenting this Tigorous book on calculus the author 
linn attempted to avoid difficult fundamental items like the 
Dedekind theory of real numbers or the proof of uniform 
continuity of functions continuous in an interval. 

Tlie basic theory of real numbers is given in the form 
of a precise theory of infinite decimal fractions, culmi¬ 
nating in the classical thcorom that nests of intervals 
determine a number. From here the author could have 
proceeded in the usual way. But he wants to simplify 
the theory by introducing only " uniform continuity' 1 
(instead of continuity in general) and only uniform dif- 
ferentiability of f(x) (instead of differentiability in 
general). This expression means that the derivative 
f'(x) is defined in such a manner that it is uniformly 
continuous in the considered closed interval [a, b]. His 
definition is equivalent to the following: For every e > 0 
there exists a 6 > 0 such that 


if X, x are in [a, b] and 0 < |X-x| gfl. 

The author's procedure restricts the generality of the 
usual calculus somewhat. On the other hand, he is able 
to emphasize constructive proofs and avoids such theorems 
as the Hcinc-Borel covering theorem or the Bolzano- 
Weiurstrass theorem. It seems therefore that his phi¬ 
losophy of mathematics has induced the author to develop* 
his presentation of calculus. Whether many mathema¬ 
ticians will like his approach remains to be seen. 

Aethur Rosenthal 

Pwrduo University 

Sequence in layered rocks: a study of features and struc¬ 
tures useful for determining top and bottom or order of 
succession in bedded and tabular rock bodies . Robert 
R, Shrock. New York-London: McGraw-Hill, 1948, 
Pp. xiii + 507, (Illustrated.) $7.50. 

Sequence in layered rooks should enjoy extensive use 
because it brings together in very usable form a large 
mass of detailed information about original structures 
of rocks that heretofore has been widely scattered through 
the literature. Field men particularly will find this book 
a useful one to include in a limited field library. 

Dr. Shrock apparently has In mind the problem that 
confront field geologists dealing with highly folded rocks 
because his avowed purpose in writing the book is to 
assemble information that will assist in the discrimina¬ 
tion of tops and bottoms in folded layered rocks. Though 
admirable in itself, the purpose seems to understate the 
actual achievement of the book. 


A unique and commendable feature of the book is the 
very extensive use of line diagrams and photographs, 
many of them original, over detailed descriptions of the 
features portrayed; so that the reader sees as well as 
reads about the subject simultaneously. 

Approximately 60 pages are devoted to definitions and 
to a review of what the author terms *' gross relation' 
ships." This latter feature sets forth the author's views 
on such basic concepts as superposition, faunal succession, 
unconformity, intrusion, comparative deformation, and 
comparative metamorphism. 

More than half of the book is devoted to setting forth 
detailed features of sedimentary rocks. Original struc¬ 
tures of all kinds are illustrated and discussed. Indi¬ 
viduals engaged in sedimentary studies will find these 
sections especially welcome, not only because the fea¬ 
tures are adequately illustrated and explained, but be¬ 
cause nn extensive indexed bibliography accompanies the 
volume, thus simplifying the problem of assembling addi¬ 
tional information about a feature. 

Additional chapters on detullod original structures in 
igneous and metamorphic rocks, though not as extensive 
as those that deal with sediments, nevertheless seem ade¬ 
quate for the purpose of the book. 

Warren O. Thompson 

University of Colorado 

Bibliography of animal venoms. R. W. Harmon and C. B. 

Pollard. Gainesville, Fla.: Univ. Florida Press, 1948. 

Pp. xxx + 340. $8.00. 

The value of a complete bibliography concerning a 
particular subject, properly indexed, is undoubted. The 
time saved a worker in having an immediate source of 
information concerning the literature on his subject is 
usually sufficient to make the time necessary to compile 
the information well spent. This, unfortunately, is not 
entirely the case in the present bibliography. The authors 
have done a tremendous amount of work In its prepara¬ 
tion and are to be congratulated upon a fine piece of 
work, albeit incomplete. 

The authors have listed 4,157 titles dealing with animal 
venoms published since 1875 (rather than 1863, as stated 
in the foreword). These titles are arranged chrono¬ 
logically by year of publication of the original references, 
and alphabetically by author under each year, Citations 
are given to abstracts of the pnpeT as well as to the 
original publication. Titles in foreign languages have 
been translated, and all titles are given In English. Ten 
abstracting journals have been used extensively, and the 
list of abbreviated journal names is Indeed impressive. 
There is an index of authors whose works aTe mentioned. 

In view of the exhaustive and painstaking work in¬ 
volved in preparing what has been done, It comes as a 
surprise to find that there is no cross indexing whatsoever, 
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except for the index of authors. The fact that there is 
no subject index greatly decreases the value of the hook, 
It is hoped that this is only volume 1 and that the next 
will include a complete cross reference of the material. 
As it stands, one must start on page 1 and read every 
title to find those related to a special interest. Even so 
the book will save some time for the researcher, 

It is also surprising to find the Zoological Record 
missing from the list of references consulted. A quick 
check of its cross reference of venoms in the Amphibia 
and Eeptilia section shows that only about 50% of the 
titles listed there are also in this book; e.g. iu 1939, of 
27 titles in the Zoological Record , only 14 were also 
listed in this book. The same is true of 1944 and 1945. 
In 1946 only 3 of the 18 titles related to venoms in 
the Zoological Record appear in this volume. The last 
may be due to publication delays, of course. Possibly too 
much dependence has been placed upon abstracting 


journals rather than on direct checks of the journals 
concerned. This is shown by the presence of some and 
absence of other articles which have appeared in Copeia. 
For example, neither Cowles' article on venom in Hyp- 
siplena ( Copeia, 1941, I, 4) nor Allen and Maier's note 
on extracting and processing of snake venom ( Copeia, 
1941, 4, 248) is listed, although the senior author of the 
second paper gave assistance to the authors in the book’s 
preparation! These omissions, though unfortunate, are a 
normal occurrence in this kind of book and would he 
cheerfully* disregarded if u subject index were available. 
The lack of the latter, however, makes this volume of 
doubtful value in a zoologist's library. The book will be 
useful primarily to those who only wiah to know the field 
of venom well enough to be acquainted with tho work done 
by various authors and the time when such work was done. 


University of Michigan 


James A. Peters 


Scientific Book Register 


Arnow, L. Earle, and Reitz, Henry C. Introduction 
to organic and biological chemistry. (2nd ed.) St. 
Louis: C. V. Mosby, 1949. Pp. 795. (Illustrated.) 
$5.75. 

Calvin, Melvin, Heidelberger, Charles, Reid, James 
C., Tolbert, Bert M., and Yankwich, Peter F. 
Isotopic oarboji; techniques in its measurement and 
chemical manipulation . Now York: John Wiley; Lon- 
don: Chapman & Hall, 1940. Pp. xiii + 376. (Illus¬ 
trated.) $5.50. 

Curtis, Brian. The life story of the flah ; his morals and 
manners .. New York: Harcourt, Brace, 1949. Pp. 
xii + 284. (Illustrated.) $3.75. 

Hofbauer, Ludwig. Atemregclung als SeUmittel. Vi¬ 
enna, Austria: Wilhelm Maudrich^ 1948. Pp. 99. 
(Illustrated.) $2.50. 

McDougall, W. B. Plant ecology. (4th ed.) Phila¬ 

delphia: Lea & Fcbiger, 1949. Pp. 234. (Illus¬ 
trated.) $4.00. 

Milne, E. A, Vectorial mechanics. New York: InteT- 
science, 1948. Pp. xiii + 382. (Illustrated.) $7,50. 

OEHSER, Paul H. Sons of science: the story of the 
Smithsonian Institution and its leaders. New York: 
Henry flchwnan, 1949. Pp. xvii + 220. (Illustrated.) 
$4.00. 

Post, Howard W. Silicones and other organic silicon 
compounds. New York: Reinhold, 1949. Pp. 230. 
(Illustrated.) $5.00. 

Rider, John F, Installation and servicing of low power 
public address systems. New York; John F. Rider, 
1948. Pp. iii + 204. (Illustrated.) $1.89, 

Riley, Gardner M. Essentials of gynecologic endo¬ 
crinology: with sections on the male. Ann Arbor, 
Mich.: Caducous, 1948. Pp. x + 205, (Illustrated.) 
$3.00. 


Ronchese, Francesco. Occupational marks and other 
physical signs: a guide to personal identification. New 
York: Gruno & Btratton, 1948. Pp. xvi + 181. (Illus¬ 
trated.) $5.50. 

Rosenfeld, L. Nuclear forces . (Sect. II.) Amster¬ 
dam: North-Holland Fubl,; New York: Interscience, 
1949, Pp. 182-543. (Illustrated.) $7.50. 

Snyder, Franklin F. Obstetric analgesia and anes¬ 
thesia: their effects upon labor and the child . Phila¬ 
delphia London: W. B. Saunders, 1940. Pp, via+ 401. 
(Illustrated.) $6.50. 

-STIMSON, Dorothy, Scientists and amateurs: a history 
of the Royal Society. New York: Henry Schumon, 
1948. Pp. xiii + 270- (Illustrated.) $4.00. 

Symondb, Percival M. Dynamic psychology , New 
York: Appleton-Century-Crofts, 1949, Pp. vii + 413, 
$3.75. 

Walton, Harold Frederio. Inorganic preparations: a 
laboratory manual . New York: Prentice-Hall, 1948. 
Pp. viii + 183. (Illustrated.) $3.00. 

Ware, Lawrence A. Elements of electromagnetic waves. 
New York-London; Pitman, 1949. Pp. x + 203. (Il¬ 
lustrated.) $3.50. 

Weisbbbboer, Arnold. (Ed.) Catalytic ; photochemical 
and electrolytic reactions. (Technique of Organic 
Chemistry, Vol. II.) New York: Interscienee, 1048. 
Pp. ix + 219. (Illustrated.) $5.00. 

Werff, J. Th. van der. Biological reactions caused by 
electric currents and by X-rays. New York: Elsevier, 
1948. fp. xii + 203. (Illustrated.) $5.00. 

-, Annual report of the dmithaonioii Institution, 

IP47* (Publ. 3921.) Washington, D. O.: U, S, Govt, i 
Printing Office, 1648. Pp. ix + 471. (Illustrated.) 
$2.00. 
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NEWS 
and Notes 

Robert Gordon Douglas has been 
appointed professor of obstetrics and 
gynecology at Cornell University Medi¬ 
cal College and obstetrician and gyne- 
cologlst-in-chief to the New York Hos¬ 
pital. He has been serving as acting 
director of the joint position since the 
death of Henricus J. Stander lost 
year. 

M, L. Crossley, of the American 
Cyanamid Company, has been made an 
honorary member of the American In¬ 
stitute of Chemists. 

Wilfred F. L. Place has recently 
been appointed general manager of 
Abraslfs Durex, Gennevilliers, France. 

Franz L. Alt has been appointed 
assistant and acting chief of the Com¬ 
putation Laboratory of the National 
Bureau of Standards. Before joining 
the staff, Dr. Alt was deputy chief of 
the Computing Laboratory of the Bal¬ 
listic Research Laboratories, Aberdeen 
Proving Ground, Maryland. 

Hairy Helaon, of Bryn Mrwt Col¬ 
lege, has been appointed professor and 
chairman of the Department of Psy¬ 
chology at Brooklyn College, effective 
next September. Edward Git den U 
now serving as acting chairman. 

Howard E. Brewer, formerly asso¬ 
ciate botanist at Alabama Polytechnic 
Institute, recently became assistant 
professor in the Department of Botany, 
State College of Washington, Pull¬ 
man. 

H. A, Krebs, professor of biochem¬ 
istry, University of Sheffield, England, 
will deliver the sixth Harvey Lecture 
of the current series at the New Ydrk 
Academy of Medicine on March 17. 
Dr. Krebs will speak on “The Tri¬ 
carboxylic Acid Cycle. 1 ' 

Emit Mayr, of the American Mu¬ 
seum Of Natural History, New York, 
has been elected a corresponding mem- 
bet of the Zoological Society of Lon¬ 
don. 


Clement J. Rod den, chief of the 
Uranium and Related Materials Sec¬ 
tion of the National Bureau of Stand¬ 
ards, has been named director of the 
New Brunswick Laboratory of the 
U. S. Atomic Energy Commission, ef¬ 
fective April 3. Other staff appoint¬ 
ments are: ob assistant to the director, 
John E. Donovan, National Bureau 
of Standards; as chief of the General 
Analytical Branch, Joseph J. Tre- 
goningp National Bureau of Stand¬ 
ards; oft chief of the Radiochemistry 
Branch, James E. Hudgens, Oak 
Ridge National Laboratory; and as 
chief of the Spoctrographic Branch, 
Harold R. Mullin, Shell Oil Company 
research laboratories. 

Frank J. Dunn, formerly of Colum¬ 
bia University, has joined the staff of 
the University of California Los Ala¬ 
mos Scientific Laboratory's Chemistry 
and Metallurgy Division. 

John W. Ferree, former Indiana 
Health Commissioner, has been ap¬ 
pointed director of the Public Health 
Division of the American Heart As¬ 
sociation. 

Visitors to U. S. 

Ronald Smelt, formerly of the 
Royal Aircraft Establishment, Eng¬ 
land, has been appointed chief of the 
Applied Mechanics Subdivision at the 
Naval Ordnance Laboratory, White 
Oak, Maryland. Mr. Smelt's book on 
rockets and jets is in process of publi¬ 
cation in England. 

Thornaa G. Room, chairman of the 
Department of Mathematics, Univer¬ 
sity of Sydney, is serving as visiting 
professor of mathematics at the Uni¬ 
versity of Tennessee during the cur¬ 
rent winter quarter. 

Fred Jonker, University of Delft, 
Holland, has joined the University of 
Delaware's Department of Chemical 
Engineering as assistant research pro¬ 
fessor. Dr. Jonker, a specialist in the 
problems of jet engines, will woTk with 
Kmt Wohl in combustion research re¬ 
lated to jet propulsion. * 

Ideas Lafter, of the Molteno Insti¬ 
tute, Cambridge, recently arrived in 
New York to work on a special prob¬ 
lem sponsored by the American Can¬ 


cer Society, which is concerned with 
the study of Hodgkin’s disease. Dt. 
Laser is a guest of the Research Lab¬ 
oratory of St. Vincent J s Hospital- 
While here he will visit a number of 
universities and institutes in connec¬ 
tion with his recent work on the chemo¬ 
therapy of malaria, in behalf of the 
Medical Research Council of Great 
Britain. 

Four European medical scientists 
are attending a one-month course on 
the use of radioisotopes at the Oak 
Ridgo Institute of Nuclear Studies. 
They are: Jeftn Govaerts, University 
of Lidge; Robert Delcourt, Univer¬ 
sity of Brussels; H, J. Jongepier, 
University of Amsterdam; and Alex¬ 
ander Robert Taylor Lundie, of the 
Royal Army Medical Corps, England. 

Enrico Volterra, of Rome, Italy, 
has been appointed associate professor 
of mechanics at Illinois Institute of 
Technology. Dr. Volterra taught me¬ 
chanics and structures at Rome Uni¬ 
versity and did research on structural 
problems and materials tosting at 
Cambridge University, 

Grants and Awards 

Henry C. Sherman. Mitchell pro* 
lessor emeritus of chemistry at Colum¬ 
bia University, has been awarded one 
of the 1948 Charles Frederick Chan¬ 
dler medals. 

Gilbert E. Doan, head of the de¬ 
partment of metallurgy and metal¬ 
lurgical engineering at Lehigh Uni¬ 
versity, has received the Stoughton 
Award for outstanding contributions 
to the advancement and use of weld¬ 
ing. Dr. Doan helped to develop the 
use of gamma-rays for inspection of 
welds and castings. 

Dontcho Kostoff, director of the 
Institute for Applied Biology and Or¬ 
ganic Development, Academy of Sci¬ 
ences, Sofia, Bulgaria, has been 
awarded the Medal for Service in Agri¬ 
culture and Forestry, presented for 
the first time this year by the Institute 
for International Relations In Agri¬ 
culture and Forestry of Prague. 

Janies Zetek was recently awarded 
the Vasco Nufiez de Balboa decora¬ 
tion by the Republic of Panama in 
recognition of his work on ontomo- 
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logical problems of Panama and the 
Canal Zone. Mr. Zetek is presently in 
charge of the Ancon (Canal Zone) 
laboratory of the Bureau of Ento¬ 
mology and Plant Quarantine, U. S, 
Department of Agriculture. 

Morris E, Leeds, chairman of the 
board of Leeds and Northrup Company 
Of Philadelphia, recently received the 
1948 Edison Medal of the American 
Institute of Electrical Engineers. Mr. 
Leeds was cited for his work with 
electrical precision measuring devices 
and controls. 

Eugene O. Rochow, of Harvard 
University, has been chosen to receive 
the third Leo Hendrik Baekeland 
Award of the American Chemical So¬ 
ciety’s North Jersey Section. Dr. 
Rochow was cited for his research on 
compounds of silicon. The award, 
established by the Bakelite Corpora¬ 
tion, consists of a gold medal and 
41,000, presented biennially to an 
American chemist. 

The National Geographic Society has 
awarded the Burr prize of $1,000 to 
Arthur A. Allen, professor of orni¬ 
thology at Cornell University, for his 
leadership of an expedition which 
located the nesting place of the bristle- 
thighed curlew in western Alaska, 

Anna Goldfeder bos received an 
award from the Radiological Society 
of North America in recognition of 
her work in radiobiology, particularly 
for “ Anomalous Radiosensitivities of 
Analogous Mouse Mammary Adeno¬ 
carcinomas. “ Dr. Goldfeder is in 
charge of Cancer Research, Depart¬ 
ment of Hospitals, New York City, 
and Department of Biology, New York 
University. 

The Gold Medal of the American 
Academy of Orthopedic Surgery has 
been awarded to three University of 
Texas staff members—G. W. N. Eg- 
gen, professor of orthopedic surgery, 
Thomas Shindler, resident in ortho¬ 
pedic surgery, and Charles M. Povn- 
erat, director of the Tissue Culture 
Laboratory. 

Colleges and Universities 

The University of Delaware has 
appointed Earl Parker Hanson chair¬ 
man of its Department of Geography. 


The Department’s research will be In¬ 
tegrated with the work of the Univer¬ 
sity’s Institute of Inter-American 
Studies and Research and will be aided 
by other departments, Buch as engi¬ 
neering, economics, and agriculture. 
A Contract has been signed with the 
Office of Naval Research for a report 
on problems of adaptation to the hu¬ 
mid tropica. 

The Yale University Graduate 
School and School of Medicine are 
initiating a new program for the study 
of microbiology. The new department, 
which includes faculty members from 
four Graduate School Departments 
and the Medical School’s Section of 
Preventive Medicine, will bring to¬ 
gether courses previously offered by 
the Departments of Bacteriology and 
Immunology, Plant Science, Physi¬ 
ological Chemistry, and Zoology. 

Harvard University's Mallinckrodt 
Chemical Laboratory has placed on 
display 45 pieces of scientific ap¬ 
paratus used at Harvard during the 
Colonial period. The equipment in¬ 
cludes electricity-making machines de¬ 
signed by Benjamin Franklin, chemical 
devices invented by Joseph Priestley, 
a “camera obscura” (forerunner of 
the modem camera), and other instru¬ 
ments used in astronomy, optics, me¬ 
chanics, electrostatics, hydrostatics, 
pneumatics, biology, magnetism, chem¬ 
istry, and mlnerology. The collection 
was assembled under the direction of 
David Wheatland of the Physics De¬ 
partment. 

Columbia University's Industrial 
Engineering Department, in coopera¬ 
tion with the Department of Sociology, 
is conducting a 4-month seminar in 
“ The Theory of Organization and 
Management. ’ ’ The human element in 
production will be studied by engi¬ 
neers, social scientists, and industrial 
executives. Sessions are held Tuesday 
from 2-4 p.m, in Room 308, Mines 
Building, Oolumbia University, Broad¬ 
way and 117 th Street, New York City. 

The Massachusetts Institute of 
Technology will hold an international 
convocation an the social implications 
of scientific progress, March 31-April 
1. The subjects will be “The Twen¬ 
tieth Century, Its Promise and Its 
Realisation/ 1 and “What the Nation 
Expects of Science and Technology. * ’ 
Speakers will include Kail T. Comp¬ 


ton, chairman of the Research and De¬ 
velopment Board of the National Mili¬ 
tary Establishment; Sir Henry Tizard, 
chairman of the British Ministry of 
Defense’s Research Policy Committee; 
Fairfield Osborn, president of the 
New York Zoological Society; Percy 
W. Bridgman, Hollis professor of 
mathematics and natural sciences, Har¬ 
vard University; Jacques Mari tain, 
professor of philosophy, Princeton 
University; and Sir Richard Living¬ 
stone, of Oxford University. 

Summer Programs 

Yale University’s annual Summer 
School of Alcohol Studies will be 
held in two sessions this year: at Trin¬ 
ity University, San Antonio, Texas, 
from June 6 to June 29; and at Yale 
from July 8 to August 5. E. M. Jel- 
linok, director of the school, will be 
assisted by lecturers from other uni¬ 
versities and representatives from 
other institutions of education, re¬ 
search, treatment, and rehabilitation. 
Applications for admission to the west¬ 
ern session will be received up to April 
for the eastern session to April 
15 . A prospectus and application 
blank for either session may be ob¬ 
tained from the Executive Secretary, 
Summer School of Alcohol Studies, 
Yale University, New Haven, Con¬ 
necticut. 

Duke University will hold Its 9th 
annual session of the Institute for 
Mathematics Teachers, August 8-19 
at Durham, North Carolina. The gen¬ 
eral theme of the Institute will be 
“Mathematics at Work” which will 
be presented in 10 study groups. Pro¬ 
grams with detailed information will 
be available April 1 from W. W, Ran¬ 
kin, Professor of Mathematics, Duke 
University, Durham, North Carolina. 

University of Michigan’s College of 
Engineering is sponsoring a sym¬ 
posium on engineering structures this 
summer. 8. P. Timoshenko, Stanford 
University, will give a coarse In 
“Theory of Plates and Shells,” and 
R. Y. Southwell, Imperial College of 
Science and Technology, London, will 
present* ‘ Relaxation Methods with Ap¬ 
plication to Aircraft Structures/ ’ 
Advanced courses In plasticity, dy¬ 
namics, theory if structures, elasticity, 
and other related subjects will also be 
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offered u well &fl an extensive pro¬ 
gram in applied mathematics* Fur- 
ther information may be obtained from 
E, L. Eriksen, Engineering Mechanics, 
University of Michigan, Ann Arbor. 

The University of Virginia will 
conduct summer courses in botany, 
eoology, and biology at Mountain Lake 
Biological Station from June 16- 
August 24. Application blanks and 
further information may be obtained 
from the Registrar, Summer Session, 
University Station, Charlottesville, 
Virginia. 

Industrial Laboratories 

Television in natural color for the 
teaching of surgery and medicine will 
be demonstrated at the annual meeting 
of the American Medical Association 
at Atlantic City in Juno. This pro¬ 
gram, sponsored by Smith, Kline and 
French Laboratories of Philadelphia 
and tho University of Pennsylvania, 
will enable large groups of medical 
students to study suTgical techniques 
and medical procedures in full color 
detail. 

The Laboratory of Microchem¬ 
istry. formerly at 306 Fifth Avenue, 
New York City, is now located just 
outside the city at 705 George Street, 
Teaneck, New Jersey. The Labora¬ 
tory is under the direction of Carl 
Tiedeke, its founder. 

Meetings and Elections 

The "Atlantic Ocean Basin" is the 
subject of a lecture series being pre¬ 
sented at a number of colleges and 
universities by Maurice W. Ewing, 
professor of geology, Columbia Uni¬ 
versity, and research associate, Woods 
Hole Oceanographic Institution, under 
the sponsorship of the Sigma Xi Na¬ 
tional Lecturships. The three remain¬ 
ing lectures of the series will be given 
February 20 at the University of Cin¬ 
cinnati, Ohio; March 1—Ohio Univer¬ 
sity, Athens; and March 4—Univer¬ 
sity of Tennessee, Knoxville, 

Wellesley College will hold a 3-day 
Science Conference Maroh 16-18. The 
(heme of the all-college conference 
is energy, and James Bryant Oonant, 
president of Harvard University, will 
deliver the keynote address, 1 1 Science 
and Common Sense. M Among the 


other speakers will be Gerty Cori, 
Nobel prise winner; Cecilia Payne- 
Gaposchkin, of Harvard Observatory; 
Robert F. Bacher, of the U, S. Atomic 
Energy Commission; Wolfgang Koh¬ 
ler, leader of the Gestalt system of 
psychology j and Ed mun d W, Sinnott, 
director of the Bheffleld Scientific 
School of Yale University. Delegates 
from 70 colleges are expected to at¬ 
tend. 

A 2-day symposium on "Organic 
Sulfur Compounds as Belated to Pe¬ 
troleum" will be held in connection 
with the national meeting of the 
American Chemical Society in Ban 
Francisco, March 28-April 1. The 
best methods of combating the costly 
effects of sour crude oil, which derives 
its undesirable properties from its 
high sulfur content, will be presented 
in 29 technical papers by oil chemists 
of Great Britain and the U. S. Arlie 
A. 0 'Kelley, vice chairman of the Di¬ 
vision of Petroleum Chemistry, will 
preside. 

The newly formed Inter-Society 
Corrosion Committee of the National 
Association of Corrosion Engineers 
will hold its 1049 conference during the 
week of April 11, in Cincinnati, Ohio, 
coincident with the NACE 1949 con¬ 
ference. 

The International and Fourth 
American Congress on Obstetrics 
and Gynecology will meet at the Ho¬ 
tel Sutler (formerly Hotel Pennsyl¬ 
vania), New York City, May 14^19. 
Topics under discussion will be physi¬ 
ology of human reproduction, the pa¬ 
thology of human reproduction, social 
and economic problems, neoplastic 
diseases of the reproductive system, 
and obstetric and gynecologic proced¬ 
ures. All inquiries regarding the meet¬ 
ing should be addressed to Fred L. 
Adair, 24'West Ohio Street, Chicago 
10, Illinois. 

‘fhe American Society of Elec* 
troencephalography will hold its an¬ 
nual meeting in Atlantic City at the 
Ohalfonte-Haddon Hall Hotel, June 
11-12, Those wishing to submit pa¬ 
pers should send two copies of title 
and abstract to Secretary Robert 8, 
Schwab, Massachusetts General Hospi¬ 
tal, Boston 14, and one copy to the 
proper representative on the Program 
Committee before April I* Members 


are invited to submit demonstrations 
and exhibits, a description of which 
should also be submitted before April 
1. Accepted papers will be announced 
by April 15. 

The annual conference of Health 
Officers and Public Health Nunes 
of New York State will be held June 
20-23 at Lake Placid. The Associa¬ 
tion of School Physicians will hold its 
annual meeting on the opening day. 

The Heat Transfer and Fluid 
Mechanics Institute will hold its an¬ 
nual meeting June 22—24 on the Uni¬ 
versity of California's Berkeley cam¬ 
pus. The conference will be presented 
by California engineering colleges and 
engineering and scientific societies. 

A number of technical papers dealing 
with phases of the fundamental na¬ 
ture of heat transfer and fluid flow 
will be presented. For further in¬ 
formation, write: Department of In¬ 
stitutes, University of California Ex¬ 
tension, Berkeley. 

% 

The Special Committee on Fungi 
for the International Botanical Con¬ 
gress at Stockholm has made the 
following new appointments; Johanna 
Westerdijk, Netherlands; D. P. Sog¬ 
ers, C. W. Emmons, and G. W, Martin, 
U. S,; Rolf Singer, Argentina; S. P. 
Wiltshire, England; M. Le Gal, 
France; M. A. Donk, Dutch East In¬ 
dies; and B. B. Mundkur, India. Pre¬ 
vious appointees are C. L. Shear, K. 
B. Boedijn, R. Ciferri, R. Malre, J. A. 
Nannfeldt, F. Petrak, F. J. Beaver, 
E. M* Wakefield, A. M. Bottomley, 
W. J. Lutjeharms, J. Ramsbottom, A, 
TrotteT, and W. H. Weston, T. A. 
Sprague and J. Lanjouw are ex oflldo 
members of all committees. The 
Fungi Committee will consider propo¬ 
sals to modify the present Interna¬ 
tional Rules of Botanical Nomencla¬ 
ture with respect to fungi. The new 
appointments were made at the Inter¬ 
national Conference on Botanical No¬ 
menclature held at Utrecht, Holland, 
in June J.048. 

The Royal Astronomical Society 
of Canada elected the following offi¬ 
cers at ite annual meeting this month: 
president, Andrew Thomson, Con¬ 
troller of the Meteorological Service 
of Canada; vice presidents, C. S. 
Beale, Dominion Astronomer, Ottawa, 
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and J. F, Heard, David Dunlap Ob¬ 
servatory, Richmond Hill, Ontario; 
general secretary, E. J, A. Kennedy, 
Toronto; general treasurer, J. H. 
Horning, Toronto; recorder, H. W. 
Barker, Toronto; -librarian, D f W. 
Best, Toronto. 

The Southern Secdon of the 
American Society of Plant Physiol¬ 
ogists and the Association of South¬ 
ern Agricultural Workers have 
elected officers for the coming year— 
chairman: E. M. Emmert, University 
of Kentucky; vice chairman: Henry 
C. Harris, Florida Agricultural Ex¬ 
periment Station, Gainesville; secre¬ 
tary-treasurer: G. M, Shear, Virginia 
Agricultural Experiment Station, 
Blacksburg; directors: L. L, Daniel¬ 
son, Virginia Truck Experiment Sta¬ 
tion, Norfolk; H. B. Sprague, Texas 
Agricultural Research Foundation, 
Renner; I. E. Miles, Mississippi State 
College. 

The Southeastern Allergy Asso¬ 
ciation elected the following officers at 
its recent meeting: president, Oscar 
Swineford, professor of medicine, 
University of Virginia; vice presi¬ 
dent, Oscar Hansen-Pruas, chief of 
Duke University’s Allergy Clinic; 
executive committee, George F. 
Hie her, St. Petersburg, Florida, and 
Louis D. Hoppe, Jr., Atlanta, Georgia. 

Deaths 

William Alton Taylor, 89, retired 
chief of the Bureau of Plant Industry, 
U. S. Department of Agriculture, died 
February 0. 

William M. White, 77, former 
manager and chief engineer of the 
hydraulics department, Allis-Chalmers 
Company, died at his Coral Gablee, 
Florida home February 9. 

Henry Francis Atherton, 05, for¬ 
mer president of the Allied Chemical 
and Dye Corporation and member of 
the Chemical Advisory Committee of 
the Army-Navy Munitions Board, died 
February 10. 

Lottie A. Olney, 74, president of 
the Howe Publishing Company of New 
Fork, who had been head of the Chem¬ 
istry Department, Lowell Textile In¬ 
stitute, for 80 years, died February 


11 in Jacksonville, North Carolina. 
Dr. Olney and his wife, enroute to 
Florida at the time, both died from 
injuries resulting from an auto acci¬ 
dent. 


The U. S. National Commission 
for Unesco announces the publica¬ 
tion of **Study Abroad,” a handbook 
of fellowships, scholarships, and edu¬ 
cational exchange listing over 10,500 
opportunities for international study 
in 106 subject fields in 27 countries, 
including the U. B. The largest 
number of awards is in science, par¬ 
ticularly medicine, public health, en¬ 
gineering, and chemistry. The hand¬ 
book was prepared by William D. 
Carter, head of the Office for the Ex-' 
change of Persons, Unesco House, 
Paris. The aim of the publication 
is to increase the number and quality 
of candidates applying for fellow¬ 
ships, to suggest to prospective donors 
how new prospects can be developed, 
and to indicate possible overlapping 
as well as areas of oustanding need. 
Copies, published in English and in 
French, will be available at $1 from 
the Columbia University Press, New 
York 27, N. Y. 

The National Registry of Rare 
Chemicals, 35 West 33rd Street, Chi¬ 
cago 16, Illinois, has submitted the 
following list of wanted chemicals: 
tribromo germane, tricblorogermane, 
trigermane, vaccenic acid, trimethyl¬ 
ene sorbitol, glueooctose, glucouonose, 
o-amino at ropio acid, spinulosin, 4-hy- 
droxyacridine, 4,5-dihydroxy acridine, 
stannous fluoride, homomyristicyl 
amine, homo piper onyl amine, carbonyl 
sulfide, 3-tropanone, urobilinogen, thy¬ 
midine, phenolphthalein mono-p-glu- 
curonide, titanium dichloride, cyolo- 
oetatetraene, kaempferol, 4-methoxy 
catechol. 

Indian meteorologists will survey 
the western Himalayan ranges, includ¬ 
ing the 17,000-foot Bara Lacha Pass, 
next April to find a site for the hjgh- 
altitude meteorological research sta¬ 
tion recently authorized by the Central 
Government. The sum of $900,000 has 
been appropriated for this project. 
According to 8. K. Banerji, director- 
general of observatories of India, plans 
for improving the scope of existing 
observatories provide for equipping the 


Kodaikanal Astronomical Observatory 
(South India) with a modern Iono¬ 
sphere for studying changes on the 
surface of the sun, Two sensitive seis¬ 
mographs recently acquired from the 
U. 8. have been installed at the Poona 
and Madras Observatories. Negotia¬ 
tions are now in progress to enlarge 
further the present facilities for 
meteorological research by establishing 
a field magnetic observatory 35 miles 
southeast of Bombay. 

Past environments of reef-building 
organisms will be studied in a research 
program by Columbia University grad¬ 
uate students under the direction of 
Norman D. Newell, professor of geol¬ 
ogy at Columbia, and curator of His¬ 
torical Geology and Fossil Inverte¬ 
brates at the American Museum of 
Natural History. The project, one of 
the most extensive undertaken in the 
field of paloo-ecology, is designed to 
provide the first comprehensive concep¬ 
tion of conditions under which reef- 
building organisms existed and the 
manner in which associated limestones 
were formed. Several years of field 
and laboratory study of both ancient 
reefs and their modern counterparts 
will be necessary to bring the project 
to completion. The reefs to be studied 
are those in the West Texas-Southeast 
New Mexico oil-producing regions and 
include the famous limestones in which 
the Carlsbad Caverns are located. 
These extensive deposits were con¬ 
strue ted mainly through the agency of 
huge colonies of plant and animal life 
which existed in the seas*of the Per¬ 
mian period. The research is being 
supported by the Humble Oil and Re¬ 
fining Company. 

The Museum of Northern Arizona 
at Flagstaff has plans for three 
archaeological projects in Arizona this 
spring and summer, all financed by a 
grant from the Viking Fund. One 
group, under the direction of John 0. 
McGregor, of the University of Illi¬ 
nois, will excavate pithouse sites near 
Red Butte. Another, headed by Dick 
Shutter, of the University of Califor¬ 
nia, will explore sites of a preceramic 
horizon near Sedona. Fred Wendorf, 
Jr., of Harvard, will conduct a third 
party In excavating sites dating about 
500 A- D. near Holbrook. Harold 8, 
Colton, the Museum director, is in 
general charge of the projects. 
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Research and Politics 

Richard B. Goldschmidt 

WJniversity of California, Berkeley 

R esearch, at least in the sciences, 

proceeded in the 19th century more or leas 
apart from the nation's life. If the labora¬ 
tories were not exactly ivory towers, they were at 
least sheltered oases, far from the noise of the market 
place. In the European nations scientists particularly 
were considered a pleusant and honored asset to the 
eonfmunity, were respected, sometimes a little ridi¬ 
culed, but generally left alone. Their discoveries were 
accepted, sometimes admired, and, if of practical im¬ 
portance, taken over and used by the applied sciences. 
Nobody asked a scientist why he attacked a special 
problem. Nobody asked him what practical good 
could come out of his results. It was accepted as a 
truism that the exploration af nature, the search for 
laws beneath the phenomena of nature, grew from a 
natural longing of the human mind and represented 
a goal in itself which did not need further justifica¬ 
tion. This appraisal of science had a corollary, 
namely, that science, being solely bent upon the dis¬ 
covery of truth, must be free from outside interfer¬ 
ence by society and the state, although of course gov¬ 
erned by law. When Imperial Germany, a reaction¬ 
ary taonarchy, led by the dyed-in-the-wool Junker, 
Count Bismarck, adopted a new constitution in 1871, 
a paragraph of this constitution read: “Science and 
its teachings are free." There were indeed very few 
instances in the European countries of the 19th cen¬ 
tury—that is, in the period in which the basis of 
modem science was laid—of interference with the 
freedom of science by governments, however reaction¬ 
ary, though there have always been organized groups 
of different colors who clamored for such interference. 
This was true even where the universities were com¬ 
pletely controlled by government and the professors 
were civil servants. It happened, to take an example, 
that under the rule of the Catholic Centrist party in 
Bavaria, professors were denounced in the Diet for 
teaching evolution. But they were not prevented from 
continuing to dq so, since even the worst reactionaries 
did not go so far as to abolish the freedom of teaching. 

In our country, conditions were somewhat different. 
The Constitution does guarantee the freedom of 
speech, but science and its teaching are not men¬ 
tioned. There are no federal universities. In en¬ 
dowed universities, only public opinion can prevent 
the trustees from setting up rules infringing upon 
the freedom of science. In state universities the 


regents, the governors, and the assemblies may, if 
public opinion permits, strangle the freedom of sci¬ 
ence and its teaching. Everybody knows that such 
things have happened. There are still states in which 
the teaching of evolution is forbidden. There are 
events happening from time to time in this or that 
university which force the watchdogs of liberty to 
boycott the offending school. But greatly to the credit 
of our democracy, these are rare exceptions and as a 
whole science and its teaching have remained free. 

Does this mean that no future danger exists and 
that we may as well forget the problem of freedom of 
BcienceT Twenty years ago such complacency would 
not have been too harmful. But since then the situa¬ 
tion has been completely changed. First, we have 
seen the rise of dictatorships (and unfortunately thus 
far only two have fallen)—dictatorships which at¬ 
tempt to control not only the minds of their subjects 
but also to control what science is permitted to do and 
to think. Do not say this cannot happen here. It 
will not happen, I trust, but it can happen. Second, 
the applications of science to the industrial field and 
consequently to national defense have reached a level 
at which restrictions to science in some fields cannot 
in the general interest be avoided. This creates the 
problem of how to take unavoidable measures of 
caution without infringing upon the basic freedom of 
science. Third, even in the oldest and most solidly 
founded democracies an economy has developed which 
is dependent upon and interlaced with the economies 
of the entire world. Disappearance of distances has 
begun to work against traditional individualism and 
in favor of stronger centralization of power. Whether 
we like it or not, the trend everywhere is away from 
individualism and uncontrolled economy toward col¬ 
lectivism. Whether we like it or not, this tendency 
is bound to increase. Stronger oentral power means 
centralized control of the purse strings. This in¬ 
creases the danger of political control of how the 
money is qpent Where there are federal or state 
allotments to science, the control will certainly not be 
in the hands of the scientists. Fourth, events in sci¬ 
ence have taken place which lead more and more to 
the introduction of organised teamwork in research. 
The step from there to planned control and then con¬ 
trol by the politicians of science is a very small one 
indeed. I propose to discuss mainly the first and the 
last of the four developments 1 have enumerated. 
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The experience ol* science in dictatorships is of 
greater significance to us than we might think. Even 
if there is no danger in the near future that simi¬ 
lar tragic developments could happen here, it is in¬ 
structive and important to see the pattern from which 
such things form and develop. You all know how 
the Nazis abused the science of genetics to further 
their criminal racial doctrines and how they made 
anthropology and eugenics, ethnology, and prehis¬ 
tory and even history in Germany a perversion and 
abomination. But these are things of the past— 
are they really?—and therefore I prefer to put in 
the foreground what is happening today in Soviet 
biology. 

The whole story, part of which I had an opportu¬ 
nity to witness, is very remarkable. 

Up to the end of the first World War genetics was 
practically nonexistent in Russia, though Russian biol¬ 
ogy was on a very high level. It was H. J, Muller 
who brought the first Drosophila stocks to USSR. 
Calvin F. Bridges soon afterwards served as a pro¬ 
fessor of genetics in Leningrad. Russian biologists 
took to the new science with enthusiasm and soon cen¬ 
ters of research sprang up in which excellent work 
was done. In fundamental genetics it was first the 
zoologist, my late friend Philipchenko, who organized 
a fine group center in animal and plant genetics and 
did important work himself. The second great center 
developed in Moscow where Russia's leading zoologist 
of that time, the great scholar, observer, experimen¬ 
talist, and thinker, N. K. Koltzoff (one of my oldest 
friends), realized the overwhelming importance of the 
new science and organized genetical and cytological 
departments in his laboratory of experimental biology. 
These leaders were followed by a host of excellent men 
and one has only to look at the volumes of the Bio¬ 
logical Journal and other Soviet periodicals of the 
time between 1920 and 1930 to witness the brilliant 
upsurge of genetical and cytogenetical work in USSR. 
Parallel with this development went an enthusiastic 
realization of the importance of genetics for plant and 
animal breeding. Here the recognized leader was 
Vavilov. Though originally trained as a geneticist, 
he never did any outstanding work in fundamental 
genetics. His interest was in the application of 
genetical work to plant breeding, Thus, he devoted 
all his explosive energy to the building of an organi- 
zation of modem .experimental stations all over the 
country in which genetical and cytogenetical methods 
were used for the improvement of crop plants. When 
I visited his laboratory In 1929, he had a staff of 
Hbout 2,000 employees, and the government furnished 
ample means for his work. His own line of thought, 


which earned for him leadership in his field, led to 
the recognition of the genic reserve available in old 
cultural varieties and their surviving ancestors. In a 
continual series of collecting expeditions he searched 
for such forms and brought them home to test their 
usefulness. This was work of a long view, and it 
might have led to important practical results had it 
been continued long enough. How much in the way 
of practical results it did achieve is probably known 
only to tt)£ agronomic specialist. 

I had the pleasure of seeing all this development 
of genetics near its height in Russia. At Leningrad 
in 1929 an all-Russian genetics congress was held 
at which three guests of honor from abroad were 
present: Erwin Baur, the plant geneticist, Harry Fed- 
erley, the cytogeneticist, and myself. All of us, none 
sympathetic to the political regime in USSR, were 
unanimous in praising what we saw at this congress. 
There were innumerable papers and lively discussions. 
There were huge plenary sessions, with Vavilov and 
Philipchenko presiding, at which Soviet politicians 
of the highest rank praised the work of the Russian 
geneticists. There was a scientific enthusiasm among 
the old leaders as well as among the brilliant young 
scientists such as none of the three guests had ever 
witnessed before. There was an exhibition of geneti¬ 
cal specimens and charts which waB admirable, quan¬ 
titatively and qualitatively. Fundamental geneticists 
at that time were discussing most heatedly Serebrov- 
sky's ideas, and applied geneticists, discussing their 
wheat-breeding experiments, were equally represented 
in the very large gathering. Inside and outside the 
lecture halls the meeting proceeded smoothly and in 
a most friendly atmosphere. 

This does not mean that the political leaders of the 
USSR did not watch our science. Actually, I was 
told that studies in human inheritance were fraught 
with danger. One leading biologist, who in his search 
for the hereditary basis of genius studied the pedigree 
of Russia's most beloved poet, Pushkin, had mentioned 
correctly that the poet hailed from a family of petty 
nobility. This biologist got into trouble with the 
authorities. By chance, I saw a little more of the 
official attitude. One day, walking along the street 
with my friend Philipchenko, I saw in front of a 
movie house a large poster of "Salamandra” decorated 
with pictures of this harmless animal. My surprised 
question was answered by my friend with an invita¬ 
tion to see the film. This we did, and my friend 
interpreted the text. To understand the implications 
of this propaganda film, which was featured all over 
Russia, we must, turn back to European biology in the 
first decade after the rediscovery of Mendel's laws. 
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The Lamarck inn doctrine of the inheritance of ac¬ 
quired characters had been completely dropped by 
most biologists since the time of Wekraann's piercing 
analysis. It had hardly any adherents, except in 
France, where the doctrine lingered on for a long 
rime, and in the science of paleontology. The rise of 
genetics, the factual basis of which is irreconcilable 
with the tenets of Lamarckism, had given the coup de 
grace to this doctrine. 

In the first decade of the century, a young Vien¬ 
nese zoologist, a brilliant speaker, and clever, popular 
writer, Kammerer, stirred European biology with a 
long and voluminous series of papers in which he 
claimed to have found proof for the inheritance of ac¬ 
quired characters. Two sets of his experiments were 
especially exciting. In one he compared the black 
viviparous alpine salamander (newt) with the black- 
and yellow-spotted oviparous salamander of the low¬ 
lands. He claimed that by breeding the black one on 
yellow background and the spotted one on dark back¬ 
ground he could transform appearance as well as re¬ 
production from one type to the other. The new 
induced type was claimed to be hereditary, even to 
Mendelize if crossed to the original form. The second 
experiment was done with the midwife toad, the male 
of which seizes the egg strings laid by the female, 
winds them around his hindlegs, and carries them 
about until hatching time. An exception to the rule, 
this male is devoid of the thick pigmented thumb pads 
which other frog and toad males need for the standnrd 
type of copulation. Kammerer claimed that he could 
change the mating habits of the midwife toad to those 
of ordinary toads by breeding them under conditions 
used for other toads. Such males not only stopped 
“midwifery” but also developed the thumb pad and, 
again, this new induced character was said to be in¬ 
herited and to Mendelize if crossed to the original 
form. 

In the discussion of these claims, statements were 
found in Kammerer’s papers which did not tally. 
There had not been sufficient time, according to his 
own records, for the generations he claimed to have 
bred, The explosion came when an American visitor. 
Noble, looked at the specimens exhibited in Kam- 
merer’s institute and found that the “induced” dark 
thumb pad was injected with India ink. Soon after 
this Kammerer, who was said to have become com¬ 
pletely despondent, accepted an invitation to live in 
USSR. Nothing waa heard of what he did there ex¬ 
cept that, soon after, he committed suicide. 

Ve*y likely there are few men left who knew Kam- 
merer end who had seed his work in Vienna under his 
own g*uidance, so I should like to give you my inter¬ 
pretation of this much-discussed tragedy. I do not 


believe that Kammerer was an intentional forger. 
He was a very highstrung, decadent but brilliant man 
who spent his nights, after a day in the laboratory, 
composing symphonies. He was originally not a sci¬ 
entist, but what the Germans call an “Aquarianer,” 
an amateur breeder of lower vertebrates. In this field 
he had an immense skill, and I believe that the data 
he presented upon the direct action of the environ¬ 
ment are largely correct. (Some of them were actu¬ 
ally anticipated a long time before in Weismann's 
laboratory by M. von Chauvin, who made the experi¬ 
ments for just the opposite reason.) He then con¬ 
ceived the idea that he could prove the inheritance of 
acquired characters and became so obsessed with this 
idea that he “improved” upon his records. I have 
reason to believe, from what I have Been in his lab¬ 
oratory, that he continued his experiments, which 
ended by the death of the specimens, by starting again 
with similar looking animals. His “Aquarianer” mind 
did not consider this wrong. He simply did not know 
what an experiment amounted to. In later yean he 
probably became so absorbed with the necessity for 
proving his claims that he started inventing results or 
“doctoring” them. Though the actual results of all 
this amounted to falsification, I am not certain that 
he realized it and intended it. He probably was a 
nervous wreck in the end. 

Why did the USSR invite Kammerer to take refuge 
there from “bourgeois persecution” f One of the 
strange features of the Soviet religi on of dialectic 
materialism is that it postulates the inheritance 
acquired characters as a dogma. The biglogiat Jouj- 
Ibl fTtcT unfl erstand. t£IL. Sne of the underlying ideas 
Ta probably that the masses are kept down by a ba ? 
environment and that th erefore a good en vironmen t 
would make them equal to anyone. I f this change Is 
inherited, the future lies in Inducing this hereditary* 
~ improverii eDl. But if this were true, it would follow 
Th at the old aristocracy, which had lived so long in 
the good envi ronment, should be gen etically supreme . 

course. one notionis as wrong as the other. Why , 
then, the dogma of the inheritance of acquired cha r¬ 
acters T Why can the believer in op mTnmiiHT n not as¬ 
sume that just as much genetic talent is found in the 
^s uppressed masses” as in the “bourgeois” part oFthe 
population a nd that therefore the communist" regune 
- diould nick olit ihh.. talent and give it a chance-to 
b lossom? t I shall never be ible to understand wbv 
Jhe latter idea should not be just as goo d commuraapi 
as the former and why genuine communism needs fl) e 
jJqgrna of t he in heritanc e of acquired characters . 

This leads us back to the dim “Salaraandra,” which 
turned out to be nothing but a propaganda film for 
the doctrine of the inheritance of acquired characters. 
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It usee the tragic figure of Kammerer, his salaman¬ 
ders, and mixed up with them, for the story, his mid¬ 
wife toads. The importance attached to the subject 
is revealed by the facts that none other than the then 
all-powerful Commissar for Education, the highly cul¬ 
tured and intelligent Lunacharsky, is the author of 
the film, that his wife playa the leading lady and that 
Lunacharsky, playing himself, appears in one scene. 
Leaving out the interwoven love story written to fit the 
beautiful Mme, Lunacharsky, the plot is this: In a 
central European University a young biologist (model 
Kammerer) is working. He is a great friend of the 
people and endowed with all the qualities of a Com¬ 
munist movie hero. Working with salamanders, he has 
succeeded in changing their color by action of the en¬ 
vironment. One day the supreme glory is achieved; 
the effect is inherited. The bad man of the play, a 
priest, learns of this, comes to the conclusion that the 
discovery will spell an end to the power of the church 
and the privileged classes, and decides to act. He 
meets at night in the church (I recognized with sur¬ 
prise that these pictures were taken in the glorious 
double cathedral of Erfurt in Thuringia) with a 
young prince of the blood whom he had succeeded in 
having appointed as assistant to Kammerer. (This is 
obviously a typical job for a German prince 1) Here 
in the dark sacristy the plot is hatched. The prince 
(or the priestT) proposes to Kammerer that he an¬ 
nounce his glorious discovery at a formal University 
meeting, and the scientist gladly accepts. During the 
following night the priest and the prince enter Kam- 
merer’s laboratory, to which the prince has the key, 
since he poses as the scientist’s devoted collaborator. 
They open the jar in which the proof specimen of 
safemander is kept in alcohol, and inject the specimen 
with ink. Then follows the scene at the University 
meeting. All the professors and the .president appear 
in academic robes, the young scientist is introduced 
and makes a brilliant speech announcing the final 
proof for the inheritance of acquired characters. 
When the applause has ended the priest (or was it the 
assistantf I am quoting entirely from memory) steps 
up, opens the jar, takes out the salamander, and dips 
it into a jar of water. All the color runs oiit of the 
specimen. An immense uproar starts and Kammerer 
is ingloriously kicked out of the University as an im¬ 
poster. Some time later, we see the poor young 
scholar walking the streets and begging with an ex¬ 
perimental monkey which had followed' him into 
misery. He is completely forgotten until one of his 
former Russian students arrives and tries to call on 
him. 'She succeeds in finding him, finally, completely 
down and out, in a miserable attic. She takes the 
train at once to Moscow and obtains an interview with 


Lunacharsky (this is the scene where he appears in 
person), who gives orders to save the victim of bour¬ 
geois persecution. Meanwhile, the character Kam¬ 
merer has sunk so low that he decides to make an 
end of it. The very moment he tries to commit sui¬ 
cide, the Russian student returns with Lunacharsky f b 
message and prevents him from taking his life. The 
last scene showB a train in which Kammerer and the 
Russian savior are riding east and a large streamer 
reads "To the land of liberty." 

A young plant physiologist and agronomist also at¬ 
tended the congress at Leningrad. He was presum¬ 
ably completely ignorant of genetics but he had made 
a great and well-deserved reputation as an agrono¬ 
mist by the introduction of the method of vernaliza¬ 
tion which is said to have increased production of 
crops considerably. His name w as Trofim Lysenko— 
for Russian biology the man of dest iny. For Home 
years after 1029 genetics still bloomed in Soviet 
Russia, especially when H. J. Muller lived there and 
trained a group of excellent young scientists. But 
soon rumors began to arise that something strange 
and untoward was happening in Soviet genetics. The 
rumors centered around the name of Lysenko. One 
heard of public debates taking place in which Lysenko 
attacked genetics as not only scientifically wrong but 
also not conducive to improvements in agricul tural 
breeding. Simultaneously, he advance^ claims of be¬ 
ing able tn imprnvn planta by environmental a ction 
wh ich is at once inhe rited, lleredity of acquired 
chara cters was once againTffie Hogan. Rumors in- 
"iffSased that Lysenko T s power was in ascendency; they 
were borne out when Vavilov was prevented from ac¬ 
cepting the presidency of the International Genetics 
Congress in Edinburgh in 1939 and when the expected 
Russian delegation did not turn up. (I personally 
think that it was a mistake to elect Vavilov president 
of that congress. As the honor was clearly intended 
to back him up in his fight against Lysenko, it ap¬ 
peared to be a political demonstration and as such 
had just the opposite effect from that intended,) 

The first concrete information arrived about 10 years 
ago when an American monthly, Science and Society, 
published part of the speeches made in the first big 
debate between Lysenko and the geneticists. These 
speeches, pro and con, did not impress one favorably. 
Lysenko's statements of the theories with which he 
wanted to replace modern genetics sounde^ likq con ¬ 
fused n onsense. His antagonists did not come out 
with clear, simple statements of what is fact and what 
is interpretation in genetics* One had the uncom¬ 
fortable feeling, when reading these reports, that 
Lysenko’s opponents were already frightened and 
spoke cautiously, making unnecessary concessions. It 
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soon turned out that they bad reason to be fright¬ 
ened when Vavilov was deposed and died mysteri¬ 
ously in a concentration camp during 1 the war yean, 
mid when all work in plant breeding was taken over 
by Lysenko. Again one heard from time to time of 
Lys enko's ascenda nce, of the honors and titles given 
to him, among tliem tha t of " Hero of the Soviet State” 
and of president of the Le nin Academy of AgTiq il- 
ture. But there were still laboratories of genetics, 
though one heard that Koltzoff, not long before his 
death, wbb forbidden to do genetics work in his insti¬ 
tute. Good publications were still appearing in ge¬ 
netics and cytogenetics, and some even reached us by 
the ordinary mails. During the last three or four 
years rumors came from TIubsIh That Tiysenko’s star^ 
liad passed its zenith and was setting.__Then f sud¬ 

denly last jear papcrs_ all over the world reported 
that Lysenko had fln nlly taken oyer all b iology in t he 
USSR, that teaching and research in genetics w ere 
forbidden, and that all those who opposed Lysenko 
were de prived of honors^or even job s, or worse. 

Were the rumors of Lysenko’s sinking star wrong T 
A translation of Lysenko's speeches at the decisive 
meeting has just been published in New York. The 
complete frankness of Lysenko’s statements leaves no 
doubt about what happened. He quotes a paragraph 
written by Academician Zhukovsky, stating that the 
number of theses in genetics is decreasing and that 
this might be due to fear of what the Lyaenkoists may 
plun. Lysenko counters that the real explanation is 
that the faculties refuse to accept theses by “geneti¬ 
cists” of the Lysenko school. Simultaneously, he 
complains that such great Russian scholars as Schmal- 
hausen do not quote him or his worshipped god, the 
fruit breeder Michuriu, in their books. Prom these 
«nd similar statements, it becomes clear that all promi¬ 
nent Russian biologists, geneticists or not, have the 
same opinion about Lysenko’s “discoveries” as we 
have. He cannot quote in Ms favor a single living 
Soviet scientist whose, performance is established in 
Ihe scientific warid. The rumor flaarfr wq s true tbqt 
1 A'aenkQ’fl. ..flicking in Soviet “science^" Bqt 

1 ^ -Ilifflpr fc bat hiB Btar. v^ 

■iaing^among the professional pqlitisi^js. For both 
icnsons, it seems that he considered the time ripe for 
»ction. If he could not win by persuasion, he would 
win by a coup d'&at; this he carried out in the beat 
tiadition, In his speech he said suavely that nobody is 
prevented from working in genetics, though he does 
not think much of this science. Then he allowed his 
opponents to say what they wanted. (Thus fax, I 
have not seen translations of their futile speeches.) 
Then he rose for his Anal remarks. He began mildly 
by saying that among the question slips handed to 


him there was one asking whether his ideas had the 
official stamp of the party. He answered in the af¬ 
firmative. I should have liked to see the faces of the 
scientists who heard this completely friendly and 
mellow statement. Translated into plain English, it 
would read correctly: “To all whom it may concern: 
Lysenko, or else I” Thus, he took over Russian bi¬ 
ology exactly after the political pattern established 
in the satellite countries, by bloodless coup d’dtat, and 
we know that the “or else” has already begun. 

These last speeches give a much better appraisal of 
Lysenko and what he stands for and what he is now 
permitted to enforce than do the earlier publications 
which have been published in English. He appears 
clearly in his political roles, which have been more 
important for his success than Mb biological claims. 
(As a corollary one should read the almost simul¬ 
taneous pronouncements of his brain-truster and ad- 
vocatus diaboli, Present.) There does not seem to be 
any doubt that Lysenko, though a clever politician, 
is honest and that be believes in his queer ideas, be¬ 
lieves in them so religiously that he is willing to im¬ 
pose them by the sword. First of all, he is a funda¬ 
mentalist. Just as the Christian fundamentalist be¬ 
lieves in the divine origin and truth of every word of 
the Bible, bo Lysenko believes in every word of hi s 
gods f Marx, Lenin, Stalin, and th(T Rnaftijig Burban k. 
Michuri n. H e can refutc^ every argu men t fi nally^b^ 
quoting from these source^ He Jjgs set up hjte xujfs 
of the sdentific game according to what he considers 

to be the tenets of dialectic materialism._His views 

are materialistic and therefore^ood. All others are 
decreed idealistic and therefore bad. He docs not re¬ 
alize that atomistic classic genetics is extremely mate¬ 
rialistic, while his own views border on mysticism. 
Being a fundamentalist, he simply decides what is 
right and what is wrong, and there is no appeal. 
There is also no need for him to study what he con¬ 
demns, because he knows a priori that it is wrong. 

Next to being a fundamentalist, Lysenko is an ex¬ 
tremely clever lawyer, almost a shyster. It iB reveal¬ 
ing to read how he sets up first a completely wrong 
description of Weismann’s ideas and then ridicules 
his version of them; or how he fights pre-Mendelian 
ideas as the tenets of present day Mendelism; or how 
he recounts some technicalities which the nongeneticist 
cannot understand by quoting literally from Dubinin 
in order to ridicule genetical work in the eyes of the 
agronomists and politicians; or how he says on one 
page that chromosomes, Mendelian segregation, etc., 
are all figments of the imagination and on another 
page that he has never doubted the facts relating to 
all these things; or how he seizes (Present does this 
Still better) upon mystical utterances of nongeneticiits, 
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even of popular writers (Present quotes from the 
popul&mer Franck, from Smuts, Bergson, Bertalanffl, 
for all of whose statements genetics is made respon¬ 
sible), to show up genetics as idealistic, which means 
to him, criminal. 

A third part of Lysenko is his chauvinism. Nothing 
printed appears without mention of Soviet science, 
Soviet Darwinism, progressive Soviet scientists. The 
ignorant reader must believe that what Lysenko does 
and says is 100-percent Soviet Russian, while all his 
opponents are traitors, imitators of foreign ideas, even 
promoters of capitalism and similar crimes. He does 
not mind attacking a Russian scholar of the pre- 
Soviet group for his heresies, then setting him up 
on another page as a Soviet scientist, when he de¬ 
fends that man's priority of a good idea (which 
Lysenko thinks, however, to be bad). I will not insist 
here that the incense he bums to Stalin is of a type 
which one formerly knew only from Nazi writers to¬ 
wards Hitler. This is probably the outflow of his 
religious fanaticism, though it sounds like repulsive 
adulation. Lysenko is also an able rabble-rouser. The 
way he presents Dubinin's work on inversions in popu¬ 
lations of Drosophila is a masterpiece of this type of 
oratory. 

Fourthly, Lysenko is a very skillful politician who 
kfiows very well the rules of the game und how and 
when to act. 

.But now let us tu r n to his so-ca lled work. N ot, of 
co ^m x his earl y p hysio logical work on vernalization 
but his recent work which convinced him that he k the 
-Allah and~tKe "Mohamm ed of th e new Soviet biology 
which must supplant bourgeois biology, especially 
genetics, even by Are and sword where mere persua¬ 
sion fails. One can probably reconstruct Lysenko’s 
development. Being successful as a plant physiologist 
in improving crops by changing environmental fac¬ 
tors and not being trained in genetics, the official gov¬ 
ernmental support of heredity of acquired characters 
easily impressed him and suggested a way of helping 
the breeders with much simpler methods than those of 
genetics. He found support in the works of his hero, 
Michurin, who had successfully produced new vari¬ 
eties of fruit and given his own Lamarckian interpre¬ 
tation. Thus, Lysenko set out to develop a Lamarck¬ 
ian theory of heredity and to prove it experimentally. 
One can consider his biological activities from three 
aspects; his criticism of the facts and conclusions of 
genetics, for which he uses the rather silly term Men- 
deliam-Morganism; his own theoretical explanations of 
heredity; and his alleged proofs of his views. 

Lysenko does not think much of genetics ynd refuses 
_ to accept such simple facte aa the nniformity of f T. 
the numerical rules of segregation, or the chance as¬ 


sortment of chromoso mes in meiosis, not to speak of 
the more advanced facts of genetics. He approvingly 
quotes Michurin’s words that ^lendelism . . contra¬ 
dicts natural truth in nature, before which no artful 
structure reared out of WTongly understood phenom¬ 
ena can stand up” and thinks that such muinbo-jumbo 
settles Mendelism. (He also quotes approvingly 
Michurin 'b modest statement that Michurin bequeathes 
his conclusions “to naturalists of coming centuries 
and millenniums.” (One bears Hitler’s voice I) Such 
elementary facts as the chance assortment of chromo¬ 
somes Lysenko considers to be mystical nonsense. It 
is not an overstatement that almost every thing he says 
about genetics and cytogenetics in hiB three major 
translated books and speeches exhibits a complete ig¬ 
norance of the subject. How is it possible that he 
has never taken the trouble to Bee with his own eve* 
what thoueunds of students all over the world are 
unfailingly shown in the laboratory courses in genetics 
and cytology, year after year? Is this bad will or 
obscurantismf When I read, for example, that the 
most important thing for Soviet biologists to do is to 
read “over again and again” Michurin’s works, the 
only answer I con ttnd is that Lysenko does not want 
to know the facts which he is attacking because he is a 
fundamentalist believer, for whom everything is de¬ 
cided in advance. Someone sh ould take the trouble 
to extract all hi s statements on modern genetics, so 
as to have th e m sid e by aide. The co llection would 
make a stone w een. ^ 

Lysenko’s second action is the development of his 
own ideas. Environment is everything and the opera¬ 
tion of the environment upon the body changes it 
permanently. How this comes about is repeatedly 
stated, e.g. “Heredity is the effect of the concentra¬ 
tion of the action of external conditions assimilated 
by the organism in a series of preceding generations” 
or, on another page, “Heredity is the property of a 
living body to require definite conditions for its life 
and development and to respond in a definite way to 
various conditions”; then, concerning changes in he¬ 
redity: “Changes in heredity are as a rule a result 
of the organism’s development under external condi¬ 
tions which, to some extent or other, do not correspond 
to the natural requirements of the given organic form” 
or “The extent of hereditary transmission of altera¬ 
tions depends on the extent to which the substances of 
the altered section of the body join in the process 
which leads to the formation of reproductive sexual or 
vegetative calls. Once we know how the heredity of 
an organism is built np, we can change it in a definite 
direction by creating definite conditions at 4 definite 
moment in the development of an organism” and eo 
forth ad nauseam. The same man vtf bo produces this 
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mystical and empty phraseology (though it can be 
called by a more appropriate name) derides modern 
genetics, with its clear-cut verifiable facts and wonder¬ 
ful parallelism of experimental results with cytolog- 
ical facts, both easily verified by any beginner; he 
calls modem genetics “idealistic, mystical nonsense/' 
and his brain-truster, Present, even denounces genet¬ 
ics as made to order for the benefit of the capitalist 
employers of the geneticists; and, horribile dictu, he 
believes fanatically in thiB evident nonsense. I re¬ 
peat that not n single USSR biologist of renown, 
all of them probably good Communists, is willing to 
take seriously Lysenko's so-called biology. Lysenko 
had to pack the Lenin Academy with his cohorts, as 
he naively states in his last paper, to create an audi¬ 
ence for his theories. As for those who do not follow 
him there is a sinister meaning in a list of errata ap¬ 
pended to a German translation of his speeches. It 
readB: “p. 24, first instead of “. . . straight lined 
action of our Soviet Cytogeneticist-Morganists" read: 
“straight lined action of our home-grown Cytogeneti- 
cists-Morganists" (Italics mine). 

Biologists, however, are interested mostly in the 
facts which Lysenko claims to have found in proof of 
the inheritance of acquired characters. One should 
expect Lysenko to put these facts in the foreground 
of his discussion when he wants to convince his fellow 
geneticists. Actually, reports on facts play a rather 
modest role in his accessible writings, and they are 
always presented in a vague, elusive way. In his de¬ 
cisive discussion of his views, just before he staged 
hie coup d’£tat } he tells us rather vaguely, as before, 
that he can change hereditary winter grain rapidly 
and at will into hereditary summer grain simply by 
changing the time of planting. He must certainly be 
aware that no one will believe this story unless it can 
be shown that his experiments have been made with 
all the precautions, controls, and checks which a knowl¬ 
edge of genetics requires. But he quietly skims over 
this subject. Being a believer and not a critical stu¬ 
dent, he obviously expects others to believe him, with¬ 
out question. But ho one will believe his statements 
before seeing exact data on experimental procedure, 
controls, and statistical checks. At present, it seems 
that Lysenko considers another line of his work to be 
moet decisive. Following in the footsteps of Michurin, 
he and his school have grafted on a large scale and 
claim to have produced many “graft hybrids," which 
ere supposed to akow that the “juiees" which flow 
from stock to scion and vice versa can change the 
scion (or stock) hereditarily into the type of the other. 
We can judge what he believes to be his greatest suc¬ 
cess, his star witness, because he staged a dramatic 
demonstration toward the end of his Anal remarks at 


the 1046 meeting mentioned above. He directly ad¬ 
dressed the Academician Zhnkovaky, who had doubted 
(like everybody else) the reality of the existence of 
vegetative hybrids, and declared in a triumphant tone 
that ho now had the pleasure of demonstrating them. 
A tomato strain with full leaves and red oblong fruits 
was used as a stock to which a scion was grafted from 
a strain with pinnate leaves and yellowish white fruit. 
Seed was taken from fruits growing on the stock and 
on the scion and most behaved according to their ori¬ 
gins. But a few plants taken from the seeds from the 
stock had pinnate leaves and yellow fruit. This, then, 
was his great result, produced dramatically at the 
height of his discussion, I am sure that the agron¬ 
omists present were deeply impressed. But what did 
the geneticists think 1 Before Lysenko's unfounded 
interpretation could be discussed, one might aBk, first, 
whether no genetical facts are known in explanation 
of the result, assuming that the experiment was made 
with genetically pure strains. It has been known 
ever since the classic work of Winkler and Baur that 
chimeras arc produced in definite ways after grafting. 
This means that the tissues of stock and scion can 
grow together into a whole. It was shown further that 
the subcpidennal layer, from which the sex cells origi 
nate, can enter such a chimera from one or the other 
form used. The seed then will belong to the form 
which furnished the subepidermol layer, as Winkler 
proved by the chromosome counts in his nightshade- 
tomato grafts. (Winkler, by the way, produced also 
a single real graft hybrid or burdo, not by “juices” 
but by vegetative union of cells, as again proved by 
the chromosomes.) Obviously, the pinnate, yellow- 
producing seeds of Lysenko were pure descendants of 
the scion, via subepidermal ingrowth into the stock. 
If this fact-founded interpretation cannot be disproved 
by real and decisive facts, Lysenko's top demonstra¬ 
tion collapses. Thus far, I have not seen any hint 
that Lysenko was even aware of a simple genetical 
explanation for his results. [In his book, translated 
and published in 1946, Lysenko discusses chimeras (p. 
57). In these paragraphs he surpasses himself in 
ignorance, if not actual ill will.] 

It is not necessary to go on with a discussion of 
Lysenko's so-called factual material, when his own 
star-witness experiments are found wanting in every 
respect. To base a revolution in biology upon such 
material is certainly a feat of great optimism, though 
not of much self-criticism. Parturient monte# nrw- 
cetur nd*culu8 mus, / ■ 

Pseudo biological literature of all timed is full of 
books by philosophers, statesmen, theologians, and 
cranks who want to replace facts and laws found by 
the hard work of the active biologists with their own 
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pet ideas or creeds, Lysenko would certainly join this 
group, which always finds followers among laymen, 
if he lived in the Western World, and his doings would 
remain a curiosity on a library shelf. However, his 
case, otherwise completely uninteresting, has become 
entirely significant by the fact that he has succeeded 
in persuading the high command of the party, in¬ 
cluding, as it seems, the dictator himself, that hiB, 
Lysenko's, line is first, truly Marxian, second, of 
greatest importance for the economy of his country 
and full of practical promise, and, third, 100 percent 
Soviet Russian; further, that scientific genetics is 
anti-Marxian, capitalist-employed, a foreign importa¬ 
tion, wrong in fact and theory and a hindrance to agri¬ 
cultural progress. Thus far, this is a local Russian 
affair. But when, in consequence, the politicians have 
given him the power to destroy a whole science of 
greatest achievement and to persecute its exponents, a 
situation has developed which must awaken the entire 
world. We know that Communism is a creed and that 
its believers everywhere will follow the party line 
religiously. We know that in the Eastern Zone of 
Germany, Lysenkoism iB already being introduced in 
the high school curriculum. We know that the red- 
tainted Japaneae youth ia already flirting with Lysen¬ 
koism and that a large scale discussion of it is going 
on in the Japanese press. Thus, the freedom of sci¬ 
ence is in danger everywhere, and the local affair be¬ 
comes one of universal concern. 

I do not want to imply that we are in danger of 
having a Lysenko appear in our midst. But there 
are different degrees of such things. This brings me 
back to the fourth recent development in science which 
I recounted in the introduction to this address, when 
I said that only small steps lead from organized team¬ 
work to professional planners and finally to political 
control. I cannot help saying that I»have followed 
with serious misgivings the increasing trend towards 
planned and organized science, though realizing its 
need in certain fields. Formerly, a scientist thought 
out or encountered a problem and started working on 
it. As often as not he found something in the course 
of the work which led him in a new direction. An oc¬ 
casional observation, which most others would have 
overlooked, led the bom researcher into new fields, an 
unexpected flash of an idea opened new vistas and 
led to solutions or to more problems. All gTeat ideas 
and all great discoveries in the realm of pure science 
have come into existence this way. 

But now a man does not work on some subject or 
problem. He has a “project.” A plan has been laid 
out, even worked out in ell detail, a staff has been 
brought together and each one has been assigned his 
duty. An organization has approved the plan and 


fumished the funds; in return it expects progress re¬ 
ports, visible and quick results, and no deviation from 
the plan agreed upon. Everybody is happy to have 
a “project,” and only Minerva covers her face and 
sends the owl away to catch mice. 

I realize certainly that there are types of work 
which should be handled as organized “projects.” If 
you want to prepare 200 Btereoisomers of some organic 
compound and test their action as insecticides, a 
project i§ in order. If you want to eradicate a cer¬ 
tain mosquito in a certain place, go and organize it. 
But how a major discovery or idea can come from a 
project I am unable to understand. This, however, ia 
not what I want to discuss, I want, rather, to point 
to the danger to the freedom of science which lurks 
behind this way of making science. The danger will 
come from the men who are attracted to such a type 
of scientific big business. The thinke^ the blaster 
new paths, the keen observer, the man of intuitio n 
whose thinking is ahead of his time, will not flock 
to the big Governm ent-financed nnrT -sponsored proj¬ 
ects. Sooner or later leadership will fall to the uni- 
versTty ^politician, the promoter, the m en who make 
the h ead lines —he a d lines_ not in the history of dis¬ 
co very b ut in the press. S econd-raters willjittain the 
power tEaF^oeTwith theln g Fumls, and then the mo¬ 
me nt of dange r arrives. They wi ll favo r what they 
Tike and understand, suppress "wEat is beyond their 
vision . B ein g not too int ellig ent^ the y w ill fall j>rey to 
the flatterer, and will afways go alongj^ith the latest 
Bcientific f&flhion or even the doubtf ul schemes of f a¬ 
natics or reactionaries, and certainl y always with wel l- 
entrenched sc hools. They will easily find the ear of 
the politicians who nin^Thq funds* h Jor both talk the 
same language. At this point the setting is ready for 
a LysenKo type. Though our political system will not 
give "Hoi a chance to act as savagely as is possible in 
Russia, he could do enormous damage to the progress 
of science and the freedom of research if not checked 
in time. This sounds very pessimistic, but human 
nature is the same everywhere, fanatical activists are 
available everywhere if not kept in check, and men 
who believe in “politics as usual” are not only more 
numerous than men of original ideas but are also more 
selfish and ruthless. Thus, I believe that the increas¬ 
ing financial support of research, especially by govern¬ 
ment and political agencies, tending to flow into the 
channels of organized research, is fraught with the 
danger of bossism in science, with the danger of sub¬ 
sidizing mediocrity, and in the end with a threat to 
the freedom of science and its teaching. This ia not 
to say that I am opposed to government funds 1 being 
set aside for fundamental research. This is a need of 
our time, a necessity.. But precautions should be taken 
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and a watchful eye should be kept to prevent such o wn mi a takes, and to be happy over an upplanned, 

funds from working to the detriment of real science, unforeseen discovery. Reel progress in science hu 

It is the young generation, who will profit from the always been made and will alwayafegipiide by the 

incoming funds, who should also be alerted against free mindj left to its own working under a system 

the danger that politicians, both those within and whe re science is free. 

those outside the universities, will take over science. 8 prudential addre.. given at a mating af 

.The YOUny researcher must insist upon the right to the PM Sigma Society bald December JO, 1941 at tbe Uni- 
think for himself^ to plan for himself ; to make vgrwity of Now Htxieo. 


Age Determination by Radiocarbon Content: 
World-Wide Assay of Natural Radiocarbon 1 


W. F. Libby, E. C. Anderson, 9 and J. R. Arnold 
Institute for Nuclear Studies, University of Chicago 

S OME TIME AGO THE OCCURRENCE of ra- 
diocarbon in living matter and dissolved ocean 
carbonate was reported ( 1, 2 , 4,5) os a result 
of researches on sewage methane gas from the City of 
Baltimore. The postulated origin (5)—cosmic ray 
neutrons reacting with atmospheric nitrogen to give 
radiocarbon at high altitudes—clearly predicted that 
all material in the life cycle and all material exchange¬ 
able with atmospheric carbon dioxide, such as car¬ 
bonate dissolved in sea water, would be radioactive. 
The long half-life of radiocarbon, 5,720 ±47 years 
(5), further seemed to ensure that the mixing proc¬ 
esses would have ample time to distribute the radio¬ 
carbon uniformly throughout the world. 

Since completing the first tests using isotopic en¬ 
richment with Dr. Grosse and his associates, nn im¬ 
provement in counting technique has enabled us to 
investigate materials without enrichment to about 
6-10% error. The samples are counted in the form 
of elementary carbon in a screen wall counter (5). 
Biz grams of carbon are spread uniformly over an 

1 This research was supported In part by a grant from the 
Viking Fund, Inc., and the authora want to express their 
gratitude to the Viking Fund and Its director of research, 
Paul Fejo*. We are deeply Indebted also to Robert Merrill, 
of the Department of Anthropology, University of Chicago, 
for assistance In the measurements reported, to the members 
of the Committee of the American Anthropological Associa¬ 
tion mentioned below, to Ambrose Lansing of the Metropoli¬ 
tan Mueeuin, to John Wilson, of the Oriental Institute of the 
University of Chicago, and to Fred Sggan and R. J. Braid- 
wood of the Department of Anthropology, University of Chi¬ 
cago. We are also indebted to Col. C. C. Gregg, of the Chi¬ 
cago Natural History Museum, for many of the samples used 
in the world-wide assay, to Juulus Bird, of the American 
Museum of Natural History, and to the members of the Byrd 
and Romm Antarctic expeditions, as well as to H. J. Deason, 

°* A* Wsh and Wildlife Service, for the Antarctic samples 
and to the many others who encouraged and assisted us In 
this research, 

1 DuPont Fellow In Chemistry. 


area of 300 cm 2 , to give an “infinitely thick" layer; 
about 5.9% of the disintegrations register in this ar¬ 
rangement. The background of the counter has been 
reduced from 160 cpm (when shielded by 2" of lead) 
to 10 cpm by means of anti-coincidence shielding and 

TABLE 1 


Would-Widb Assay of Radiocaupon 


Sample 

Assay 

(cpm/gin of carbon) 

Baltimore sewage methane (1, 8) 

10,0 ± 1 

Iron wood from Marshall Islands 

11.5 ±0.0 

.. " H l< 

12.0 ±1.0 

Elmwood, Chlcngo Campus 

12.7 ±0.8 

“ " “ 

U.B + 0.T 

Fine, Mt. Wilson, New Mexico, 


(10,000' nltltndr) 

12.D ±0.6 

Bolivian wood 

ia.o±o.o 

If sfl 

11.3 ± 0.8 

Ceylon wood 

12.0 ±0.7 

Tlerra del Fuego wood 

12.8 ±0.5 

Panamanian wood 

13.0 ± 0.0 

Palestinian wood 

12.4 ± 0.4 

Swedish wood 

12.0 ± 0.0 

New South Wales wood 

13.8 + 0.4 

North African wood 

11.0 ±0.4 

Weighted average 

12.5 ±0.2 

Sea shell, Florida west coast 

13.8 ±0.0 

It H 11 I. It 

14.B ± 0.7 

11 •• ,1 •< 

14.0 ±0.0 

Weighted average 

14.1 ± 0.8 

Seal oil, Antarctic 

10.4 ± 0.7 


the addition of a 4" iron liner inside the lead shield. 
The technique will be described in detail elsewhere. 
A world-wide £gsay has been completed, and the Uni¬ 
formity apparently established. The data, are pre¬ 
sented in Table 1. 

The numbers quoted are intended to be absolute 
disintegration rates per gram of carbon. It must be 
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said, however, that our absolute calibration of the 
counters used may have as much as 10% error. We 
hope to improve this in the near future. Since all 
the samples were measured with the same technique, 
the relative comparison does not* involve this point, 
With the exception of the Antarctic seal sample, which 
has been run only once to date, the uniformity is well 
within experimental error. Since one expects the 
arctic samples if anything to be high, because the 
neutron intensity is lowest at the equator and rises 
towards the poles (0), and since the deviation of the 
seal oil from the mean is not much larger than the 
error of the measurement, it is believed that further 
measurements will show this sample to be normal also. 
The result on the sea shell sample is interesting. It 
has been shown (7, 8) that C ia occurs in higher abun¬ 
dance in carbonates than in organic material. The 
result we find for radiocarbon in sea shells versus 
wood and other organic material is in line with this 
earlier finding for C 13 . It is true, however, that the 
difference may be somewhat larger in our case than 
that predicted from the earlier results, though the 
error of our measurement is so large at present as to 
well overlap the predicted value. 

Age Determination 

Having established the world-wide uniformity of the 
radiocarbon assay at the present time, it seems a log¬ 
ical assumption that this would have been true in- 
ancient times. Assuming this, and using the half-life 
of radiocarbon, 5,720 ± 47 years ( 2 ), one can calculate 
the specific activity to be expected after any given time 
interval elapsed since the removal of any carbonaceous 
material from equilibrium with the life cycle. For 
living materials this probably coincides with the time 
of death', for carbonates it would correspond to the 
time of crystallization (assuming no* further inter¬ 
change with the solution or atmospheric carbon di¬ 
oxide to occur). On this basis we have undertaken 
examination of wood samples of well established age 
from the ancient Egyptian tombs. Two such samples 
were used, one from the tomb of Sneferu at Meydum 
( furnished by Froelich Rainey, of the University of 
Pennsylvania Museum, Philadelphia) which was 4,676 
±75 years old; the other from the tomb of Zoser at 
Snkkara (furnished by Ambrose Lansing, of the Met¬ 


ropolitan Museum of New Tork) which was 4,060 ± 75 
years old. The former sample is cypress wood; the 
latter is acacia. John Wilson, of the Oriental Insti¬ 
tute of the University of Chicago, has given the dates 
quoted, at the behest of a committee of the American 
Anthropological Association, consisting of Frederick 
Johnson, chairman, Froelich Rainey, and Donald Col- 

TABLB 2 

Agb Dewmination on the Anciunt Egyptian Sampldb 

n Specific activity found 

P (cpm/grn of carbon) 


Zotfr 

Snpferu 


Weighted average 
(both samples) 
Expected value 


7.BB ± 0.74 
7.80 ±0.53 
0.09 ± 0.40 
7.42 + 0.88 
0.20 ± 0.41 

7.04 + 0.20 
7.15 + 0.15 


Her. The expected assay for 4,000-year material is 
easily calculated to be* 7.15 ± 0.15 cpm/gm of carbon 
on the basis of the present assay and the half-life. 
Table 2 presents the data obtained on these materials. 

The data on both samples were averaged since the 
error in ages almost overlaps the difference, and the 
weighting was taken according to the error quoted in 
each run. The errors quoted here and in Table 1 also 
are standard deviations determined strictly from the 
statistical counting error, and, since the data agree 
within these errors, we believe that no other appreci¬ 
able error is involved in the measurement. It is grati¬ 
fying that the mean of the determinations agrees with 
the expected value within 1 standard deviation unit. 
An error of 0.4 cpm/gm in the specific activity cor¬ 
responds to an error of 460 years in a 4,600-year-old 
sample. 

On this basis we feel encouraged to proceed with 
further tests on younger samples of known age. 'This 
work is now in progress. It is hoped that certain 
unknowns can be measured in the near future. A 
large thermal diffusion column similar to the one used 
by Dr. Grosse and his associates has been installed in 
the laboratory and a considerable increase in accuracy 
should result, permitting the measurement of samples 
as old as 20,000 to 26,000 years. 
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l-C 14 -D-Glucose and l-C 14 -D-Mannose 

John C. Sow don 

Radiocbemistry Laboratory, Department of Chemistry , 
Washington University, Sf. LcuJt 

Radioactive C 11 was first incorporated in the hexose 
molecule by allowing green plants to assimilate O'Og (£). 
The resulting glucose contained O 14 in all positions of the 
corbon chain, with the highest concentration of the radio¬ 
activity in carbons 3 and 4 (1). Starch labeled with 
isotopic C™ also has been prepared by growing plants 
in an atmosphere of 0^0, (5). 

Previously, glycogen containing isotopic C 11 had been 
produced by injecting NaHO u O B into rats being fed non- 
radioactive sodium lactate (7). Evidence was subse¬ 
quently obtained, using C ia , that the biosynthetic glucose 
comprising the glycogen was labeled only in carbons 3 
and 4 (5). This synthesis of labeled glucose has re¬ 
cently been employed with NaHC 14 ^ (10). 

For studies of the fate of hexose in experiments that 
involve fragmentation of the molecule, the need was ap¬ 
parent for a glucose containing O u in only one known 
position of the carbon chain, preferably in the reactive 
reducing group of carbon 1. 

D-Glucose and ^mannose labeled with C 11 in the alde¬ 
hyde carbon have now been prepared in the crystalline 
state by application of the nitromethane synthesis (8) 
to D-nrabinose. 

Sixteen grams of C^-methanol containing 4 me of 
radioactivity was converted to 60 gm of methyl iodide 
by the method of Norris (fi). By application of the 
Victor Meyer reaction (4) with silver nitrite, the methyl 
Iodide yielded 18 gm of nitromethane and 4 gm of the 
isomeric methyl nitrite. Condensation of the nitro¬ 
methane with D-arabinose yielded, after separation and 
purification, 11.0 gm of 1-nitro-l-desoxy-D-mannitol and 
0.0 gm of 1-nitro-l-dosoxy-D-glucitol. Conversion of the 
respective nitroalcohols to the corresponding hexoses by 
the Nef reaction (5, 8) gave D-maunose phenylhydrazone 
in 80% yield and crystalline D-glucose in 60% yield. 
Crystalline D-mannose was obtained from the phenyl hy- 
drazone in 90% yield by cleavage with ben*aldehyde. 

The sugars, whose calculated specific activity is .044 
lic/rag showed an observed activity of approximately 
02,000 epm/mg when counted from a thin layer in the 
R.OJj.-Nucleometer. 1 

Experimental details will be published elsewhere, 
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Crushing Strengths of Minerals at 
Low Temperatures 

James M. Weigle 
Syracuse University 

An attempt was made to measure and evaluate the 
effects of subnormal temperatures on the crushing 
strengths of several available common minerals (pro- 
clilorito, sorpontinGj graphite, selenite, and halite). 

In all cases except that of halite J cylindrical samples 
0.4" in diameter were cut from mineral masses by means 
of a milled hollow tool. Ends of the samples were 
squared and polished on a lapping wheel to ensure equal 
distribution of the pressure applied. All halite samples 
were nearly perfect cubes cleaved from a single mass. 

The apparatus used to produce and measure the force 
applied consisted essentially of a hydraulic jack with a 
registering pressure gauge attached. Containers fash¬ 
ioned of sheet aluminum, asbestos insulated, permitted 
cooling of the test samples in place. Dry ice and liquid 
oxygen wore used as refrigerating agents, teats being 
made at room temperature, -78,7° C, and -183° C. 

Pressure was applied at opposite ends of the samples, 
normal to the planes of cleavage when cleavage was 
present. Since halite cleaves in three planes at right 
angles, two planes of cleavage therefore lay parallel to 
the direction of force. 

Graphite exhibited a decelerating increase in crushing 
strength with decrease in temperature, while prochlorite, 
serpentine, and seienite showed an accelerating increase. 
Halite, contrary to the others, showed an accelerating 
decrease in crushing strength with decrease in tempera¬ 
ture. (The Crushing strength of halite dropped from 
11,850 PPSI to 8,250 PPSI with a decrease in tempera¬ 
ture from 25” 0 to - 188* <X) 

Since halite presented two planes of cleavage parallel 
to the direction of pressure applied, it is probable that 
in this case the remits involved sot only a change In 
'crushing strength but an increased ease of cleaving with 
lowered temperature. 

The changes in crushing strength with temperature 




230 


SCIENCE 


March 4, 1049, VoL 109 


change from 25° 0 to -183° C were as follows: serpen¬ 
tine, +517%; prochlorite, + 227%; selenite, +120%; 
graphite, +104%; and halite, -72%. 

A Microscope Stage for Continuous 
Anesthesia of Insects 

Edwin R. Willij and Louis M, Roth 
Quartermaster General Labormtmries, Philadelphia 

Williams (1) described a method of continuous anes¬ 
thesia for Insects using carbon dioxide with a Buchner 
funnel as the anesthetizing cell, the insects being placed 
in the open depression of the funnel. The Buchner fun¬ 
nel must be mounted flush in the top of a table or used 
with a microscope having an elevated stage with the 
funnel fitted to a metal plate which is substituted for the 
glass stage. 

Work in this laboratory requires that small insects such 
as clothes moths, flour beetles, and mosquitoes be held 
under continuous anesthesia during experimental manipu¬ 
lation. When operating on small insects, a shallow stage 
in which the sides of the anesthetizing cell do not inter¬ 
fere with tho dissecting instruments iB preferred. It is 



Fig. 1. Plan and cross section drawings of anesthetiz¬ 
ing stage. 


also desirable that the microscope with the stage in place 
be readily moved to any table for nee without an elevated 
stage. The anesthetizing stage shown in Fig. 1 was 
designed for use with a Spencer stereoscopic microscope; 
however, the device can be adapted for use with any 
similar type of microscope. 

The stage is made from two plates witl) the cell cut in 
the upper plate (see cross section in Fig. 1). The wider 


lower plate that forms the bottom of the cell slides into 
the base of the microscope. A hole is drilled between the 
two plates to receive a metal tube connection for carbon 



Fiu. 2. Anesthetizing stage In position In dissecting 
microscope. 


dioxide. The connection opens into the center of the cell 
in the space between the bottom plate and the screen 
above. A shoulder is machined around the,periphery of 
the cell opening in the upper plate, against which a disc 
of 60-mesh screen is held by a tightly fitting plastic ring. 
If deeper cells are needed for use with larger insects, the 
height can be increased by using plastic rings which will 
project as far as necessary above the plate. Steel was 
used for the plates that form the stage, although alumi¬ 
num or plastic would have the advantages of lightness 
and resistance to corrosion from perspiration. The diam¬ 
eter of the cell is larger than the field of the microscops 
at the lowest magnification; for use at higher magnifica¬ 
tions the cell diameter might advantageously be reduced. 
The stage in place in the microscope is shown in Fig. 2. 

This stage permits convenient experimental micrurgy 
of small insects under continuous carbon dioxide anes¬ 
thesia. It eliminates the Buchner funnel, which has been 
used previously, and has the advantages of not requiring 
a permanent mounting in a table or the use of an ele¬ 
vated stage for the microscope. 

Reference 
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Changes in Bark Thickness During Sap 
Flow in Sugar Maples 1 

Jam«i W. Marvin 

Bit mu y pepartment, Univertity of Vtrmowt, and 
Stmt* Agricultural Collage! Burlington 

The phenomenon of sap flow in sugar maple, Aear sac- 
oharophorum Koch (Acer sacohantm Marsh), and other 
species has been the subject of Investigation for many 
years (4, 7, ft, 3). Burstrom and Krogh (J) have added 
valuable observations on Carpinus, 
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No completely satisfactory explanation of the mecha- 
responsible for the transitory xylem pressure and 
sap flow has been suggested. Stevens and Sggert show 

1 Published with the pennies Ion o( the Director of the 
Vermont Agricultural Experiment Station. 


that excised red maple stems when supplied with water 
and allowed to freeze and thaw in nature produce a flow of 
sap, which demonstrates that roots are not essential for a 
xylem pressure. They also suggest that xylem pressures 
are the result of the change in state from ice to a liquid 
solution of the vessel sap. Johnson is of the opinion that 
respiration rate changes produce the pressure and that 
oxygen tension in the tissues is of great importance. 
Burstrom regards an osmotic mechanism involving the 
living cells in the xylem and the contents of the xylem 
vessels as the best explanation foT bleeding in Carpinuo, 
Wiegand, in a theoretical exposition three decades earlier, 
considered several possible mechanisms. He concluded 
that, as a result of temperature changes in the stem, an 
osmotic gradient occurred between the contents of the 
xylem vessels and the adjacent living cells. Thus, water 
or a solution moved into the vessels and created a pressure. 

In experiments designed to study the tissues that are 
active in the flow mechanism, it was found that when the 



Fig. 1. Air temperatures and the changes Id bark thick¬ 
ness. The changes are the average for the 14 trees 
measured. 


tissues exterior to the xylem were removed no flow oc¬ 
curred. To investigate the physical changes in the bark, 
further studies were made in the field on mature trees 
during the spring of 1048. The results of these field 
observations are reported here. 

Air temperatures were recorded, and the changes in 
bark thickness measured with a micrometer during and 
between periods ef flow after the technique of Beineke (5) 
and Daubenmire (£). Screws were inserted into the wood 
through boles in the bark and measurements were made 
between the heads of the screws and the surface of the 
bark; In this way changes in bark thickness rather than 
the bark thickness were recorded. These observations 
were made four feet above the ground on nearly mature 
trees. Changes in air temperature affected the microm¬ 
eter and corrections were then made for these changes. 
Table 1 (experiment 1) and Fig. 1 show the changes 
in bark thickness which occurred between two successive 
measurements of 14 trees during two freezing periods 
and for the four-day period of high temperatures be¬ 
tween freezes. During the cooling and freezing, part of 
the diurnal temperature cycle as observed in the field, the 
bark decreased In thickness, A warm temperature fol- 
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lowing the freeze was accompanied by a rapid increase 
in bark thickness of about the same magnitude as the 
previous decrease. For example, between 2: 45 p.m., 
April 9, and 5: 45 a.m*, April 10, a freeze occurred, and 
the difference between the readings of the bark thickness 
for those two observations was - 83 p. Between 5: 45 
a.m., and 2: 45 pjn. April 10 a thayr occurred, and the 
bark increased + 80 p. During the flow period there was 
some decrease in bark thickness. Changes also occurred 
during the period of elevated temperatures, but none of 
great magnitude occurred until the stem again froze. 

To correlate changes in bark thickness with those in the 
xylem, changes in the diameter of the xylem cylinder 
were measured. A hole was drilled through the stem and 



Fig. 2. The lower graph Illustrates the changes In 
thickness of the bark and the xylem cylinder for the 
2 trees measured. The upper graph illustrates air tem¬ 
perature and wood temperature for the same period. 

an invar steel rod of a length equal to the tree ’b diameter 
was placed In the hole. The rod was fastened to the 
xylem on one side of the tree and the measurements were 
made between the end "of the rod and the surface of the 
xylem cylinder on the other side of thrtree. Corrections 
were made for thermal changes in the length of the rod. 
The observed changes in bark thickness, wood thickness, 
and wood temperature are illustrated in the table (ex¬ 
periment 2) Fig. 2. The changes observed are compar¬ 
able to those found in experiment 1. 

The xylem cylinder also changed in diameter at the time 
the changes occurred in the hark, and the change was in 
the same direction as that observed for the bark (see 
experiment 2). The magnitude of the change in the 
xylem Is quite different from that of the bark. The bark 
changes were measured for a thickness of about 1 cm; 
the changes for the xylem, for a xylem cylinder 40 cm in 
diameter. Thus, the change recorded for the wood for 
any period should be multiplied by .022 to compare the 
two tissues on a unit of thickness basis. For example, 
between 5 3 45 a.m. and 12: 15 p.m. oxk April 4 the bark 
'ucreased 82 p in diameter, and the xylem cylinder 55 p 
diameter. However, 1 cm of the xylem diameter in- 
aed only 1.20 p; thus, the change recorded for the 


wood per unit of thickness was much less than that of 
the bark. A detailed analysis of the factors responsible 
for these changes is in progress. 

The present observations which show that flow is 
preceded by a transient decrease in bark thickness induced 
by a transient freezing ambient temperature indicates 
that the bark must at least be considered in a discussion of 
the mechanism of sap flow. 
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The Effect of Water Diuresis on 
Renal Plasma Flow 1 

CarUton B. Chapman and Austin Henichel 

Laboratory of Pbytiological Hygiene, 

Univenity of Mtnnatota 

The effect of water diuresis on renal plasma flow in 
the human being has never been clearly defined. The 
subject has, however, been studied in various laboratory 
animals. Dicker and Heller (d), working with rats and 



Fig. 1. Renal plasma flow at various rates of urine 
flow. Bach dot represents a separate clearance period. 


rabbits, found that in the former species water diuresis 
had little or no effect on glomerular filtration rate at 
renal plasma flow; in the latter species both dearanees 
rose as urine flow Increased. The authors did not extend 
their studies to the human subject. 

In devising a technique for the study of renal plasms 
flow in the human subject during exercise (I) we found 
it desirable to institute moderate water diuresis In order 

1 This research was aided by the Research Grants Division, 
U. B. Public Health Service, 
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to overcome the antidiuretic effect of exerciae. Since 
water diuresis, itself a stress of a sort, might conceivably 
affect renal plasma flow in the human subject, it was 
necessary to obtain specific information on the point. 

Full details of the method have been reported else¬ 
where ( 1 ). Renal plasma flow was determined under 
basal conditions in 9 normal young men by the p-amino- 
bippurate clearance technique. There was a total of 50 
experiments and 140 basal clearance periods. Water was 
given by mouth in varying amounts before and during the 
clearance determinations. Urine samples were collected 
by voluntary micturition. 

Fig. 1 shows that there is no significant trend in renal 
plasma flow at rates of urine flow varying from 5 to 
20 ec/min. Renal plasma flow at lower rates of urine 
flow were not studied, but the moan figure obtained in the 
present work (013 ± 107 cc) is not significantly different 
from that obtained by other workers {£, 4) employing low 
rates of urine flow. This suggests that neither moderate 
water diuresis nor substitution of voluntary micturition 
for catheterization affects renal plasma flow in healthy 
young men. 
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Add Phosphomonesterase Activity of 
Human Neoplastic Tissue 1 

Henry M. Lemon and Charles L. Wiiseman, Jr . 2 

Robert Dav/son Event Memorial, 

Massachusetts Memorial Hospitals, and 

Department of Medicine s 

Boston University School of Medicine 

Since the development of a method of histological 
demonstration of enzymes hydrolyzing mono-phosphate 
esters in acid hydrogen ion concentrations (J), it has been 
shown that the nuclei of cells of almost all human tissues 
react strongly (10)* Neurones and prostatic epithelium 
alone exhibit heavy cytoplasmic staining (1, fl, 10). In 
most of this work, however, the deleterious effects of 
protein denaturation during fixation and heating for 
paraffin embedding have been ignored, resulting in in¬ 
constant staining and variable localisation of the precip¬ 
itate forming during incubation. In developing our 
method for simultaneous quantitative estimation of ac¬ 
tivity of this enzyme along with its cytological localiza¬ 
tion, we noted, as did others (1, S), these factors which 
are to be avoided in precise work. In addition we have 

1 This research was assisted In part by Csnoer Teaching 
Grant CT-fllB from the U. B. Public Health Service. 

■Pteeent address: Department of Virus and Rickettsial 
Diseases, Army Medical School, Washington, D. C. 


attempted to preserve cellular integrity to a greateT ex¬ 
tent than that usually attained In biochemical methods 
used in the past to measure tissue phosphatases (11). 

Utilizing the procedures outlined below we have been 
able to obtain reproducible measurements of activity of 
this universal nuclear component of human tissues on 



Fin. 1. Advancing margin of carcinoma of stomach, 
stained for acid phosphatase after 30-min Incubation. 
Central area of normal muscularls with Infiltrating 
tumor on each side. The black areas Indicate lead 
sulfide precipitate within nuclei, at the site of maxi 
mum phosphatase activity. The cytoplasm has been 
lightly counteratalned with fast green. (400x). 

specimens no larger than those obtained in the usual 
surgical biopsy. We have found that it appears definitely 
related to rate of tissue growth and secretion. Moreover, 
human cancers exhibit a uniform Increase in nuclear 
acid phosphatase when compared with homologous tissues 
of origin. 

The methods used have been as follows; small blocks of 
tissue 1-2 cm in length and a few mm wide and thick are 
removed from freshly obtained surgical specimens, usually 
adjacent to blocks obtained for pathological diagnosis. 
Normal gastrointestinal epithelium for control studies 
in gastrointestinal cancers is dissected free from the 
muscularls. In the case of fibroids, blocks from the 
central but nondegeuerated part of the fibroid ere removed 
for comparison with adjacent blocks of homogeneous and 
grossly uninvolved myometrium. In malignant tumors it 
is always a problem to obtain a block which will be rich 
in viable cancer tissue, approaching the epithelium of 
origin in density of cells. We have usually sampled the 
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edge of the advancing tumor, at times including a thin phosphatase activity after the procedure devised by 
margin of uninvolved normal tissue (Fig. 1). We have Gomori (J) and with hematoxylin and eosin. We have 


learned to avoid the sclerotic base of many cancers which used 0.01 molar sodium glycerophosphate. (52% alpha) 1 

are relatively poor in malignant cells, and have had best for the substrate in all our testa, buffered at a pH of 5.0 + 

results with sampling the soft fungating surface of poly- 0.1 with acetate buffer. We have found that 0.060 molar 

poid lesions when such are available. sodium acetate buffer gives best results for histological 

TABLE 1 

Quantitative Acid Phosphatase Activity or Human Neoplasms Com vamp With Tissues or Ohigin* 
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.071 
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1.7 




.004 
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1.3 




.102 
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mean *= 1.8 


± 0 . 1 ) 

* E 'ch pair of values represents a different consecutive case ; ± Indicates standard deviation of observations from mean. 

t Nitrogen mustard Injected Into pulmonary artery of Isolated lung Just prior to resection. 

% Estimated proportion of neoplastic cells In tumor block only 02%, 

The unfixed tissue specimens may be quickly frozen studies, but have preferred 0.162 molar buffer for 

In serology tubes immersed In a mixture of dry loe and quantitative microthemical analysis. We have reason 16 

acetone, and then stored in a dry ice chest without marked believe this preserves cellular integrity to a greater extent, 

decline in activity. At the time of test they are thawed We have used 0.0022 molar lead acetate In the incubating 

and sections are cut at 80-40 p, on a freezing microtome, solution to precipitate the hydrolyzed phosphate for 
Fout to twelve such sections are then incubated at 37° 0 cytochemical localization; in this case the sections are 

in 6-8 ml of buffered substrate for periods of 15 to 60 not fixed on slides until after complete conversion of the 

min, at the end of which time phosphate analyses of precipitate tp lead sulfide has been obtained. The only 
filtered supernatant solution are carried out by Flake and 

Subbarow’s method. Duplicate sectionr are stained for ■ obtained from Eastman Kodak Company. 
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counterstain used for the latter was a 2% solution of 
tut green in 70% alcohol, after fixation. All quantita¬ 
tive microchemical enzyme studies have made use of 
control preparations inhibited with 0.01 molar sodium 
fluoride, whose free phosphate content is subtracted from 
that of the test preparations. The net milligrams of 
phosphate hydrolyzed per hour has been divided by the 
milligrams of total tissue nitrogen in the sections sep¬ 
arated from supernatant by centrifugation, ah determined 
by the micro-Kjeldahl method of Wong. All our results 
are expressed in terms of this quotient (Qap), which 
usually reflects a nitrogen content of 0.1-0.4 mg. 

Preliminary studies indicate a broad optimum pH 
range between 4.0 and 6.0, in which enzyme activity is 
roughly constant; the reaction increases with time of 
incubation and concentration of substrate, and does not 
neom markedly changed by small variations in concentra¬ 
tion of the buffer. Heat denaturation at 100 n C totally 
abolishes the reaction. We have worked with rather low 
substrate concentrations and short incubation periods 
(15-30 min) in the cytochemical preparaifoiis to preserve 
the nuclear localization of lead sulfide. The initial pre¬ 
cipitate mny become diffuse within or without the cell if 
the cells are damaged with heat or fixatives, or if incu¬ 
bation is prolonged. 

The nuclei of all cells except prostatic epithelium and 
neurones react, first in stained preparations, acquiring a 
dense brown precipitate of lead sulfide by the time a 
few scattered granules of precipitate appear in the 
cytoplasm. Staining appears selectively to demonstrate 
epithelium of all types before a reaction becomes marked 
In supporting muscular and connective tissue elements. 
The columnar duct epithelium of the breast, endometrium, 
epidermis, mucosa of the respiratory tract, and gastroin¬ 
testinal tract all display a characteristic rapid response 
with gross staining possible after 15-90 minutes' incu- 
hation. We have noted even greater response in speci¬ 
mens of thyroid, parathyroid chief cell adenoma, pheo- 
ehromocytoma, and ovarian corpora luten. Quantitative 
analyses of the content of enzyme in the gastrointestinal 
tract confirm the staining technic in revealing a fivefold 
Increase of enzyme in mucosa as compared with homo¬ 
logous smooth muscle (Table 1). Prostatlc tissue, how¬ 
ever, usually has a quotient of unity or above. 

Gomorl observed unusually heavy staining reaction in 
a number of cancers (5), and our studies to date, which 
include carcinomata of the breast, lung, skin, bladder, 
and all portions of the gastrointestinal tract, have shown 
a characteristic increase in acid phoephomonoesterase ac¬ 
tivity in the tumors when compared with their tissue of 
origin (Table 1). Analyses of‘different portions of the 
same gastrointestinal cancer have indicated that the 
ratio of phosphakaae activity of the tumor specimen to 
that of the homologous muscle-free mucosa in the con¬ 
trol is directly proportional to the percentage of neo¬ 
plastic cells in each of the former specimens. 

There is a considerable variation in the proportion of 
neoplastic cells in the tumor samples in Table 1. In 
those tests utilising glandular epithelium free of muscle, 
the best control yet devised, the histological preparations 
must indicate ‘ nearly 100% viable neoplastic eells. If 


this condition Is satisfied, then a mean twofold increase 
in enzyme activity has been demonstrated in all testa thua 
far. Certain hiatologically benign colonic polyps, which 
could be regarded aa definitely premalignant by reason 
of close association with polyposis coli and adenocar¬ 
cinoma, showed a fourfold increase in acid phosphatase. 
In contrast, we have thus far been unable to find any 
phosphatase increase in uterine leiomyomata, due pos¬ 
sibly to the presence of large amounts of relatively non- 
reaettve fibrous tissue in these benign tumors. Although 
Groenstein has noted similar increasod acid phosphatase 
activity in rat and mouso hepatomas compared with 
regenerating and normal liver, no significant increase was 
reported for other transplantable malignant mouse tu¬ 
mors (4). Huggins and others have noted a marked 
reduction in the acid phosphatase of neoplastic human 
prostatic tissue compared with that of the normal adult 
gland (5). Since normal proatatic epithelium contains 
vory large amounts of cytoplasmic acid phosphatase 
which it also secretes, it seems likely that the loss of 
activity noted was largely the result of anaplastic 
changes affecting specialized secretory mechanisms in the 
cytoplasm. To the best of our knowledge, increase In 
tissue acid phosphatase activity has not been previously 
reported in human neoplasms, and we believe our observa¬ 
tions are of significance in providing a further indica¬ 
tion of fundamental enzymatic disturbance in human can¬ 
cerous tissue. It may be that the increased acid phos- 
pbomonoesterase activity of human cancer cells is related 
to tho rapid uptake and retention of labeled phosphorus 
by malignant tissue (6), and it has been shown that the 
nuclei of malignant cells are more active than the cyto¬ 
plasm in this respect unlike normal cells (7). The pre¬ 
dominant nuclear location of the enzyme in cancers of 
organs other than the prostate probably prevents its 
escape to the blood stream with the same facility as is 
seen in carcinoma of tho latteT gland. Only 2 to 19% 
of advanced cancers of other organs produce even slight 
elevations in the normal serum level of this enzyme (9). 

Simple technics such as we have used may aid a more 
intensive investigation of the quantitative microchemical 
changes involved in the malignant transformation of 
epithelial tissues in primates. 
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Book Reviews 


Dai Sr brifttum der Bodenkultur, Wien, Austria: Hoch¬ 
schule fiir Bodenkultur. Jahrgang 1, Heft 1 (Mai 

1948), 38 pp.; Heft 2 (Juli 1048), 48 pp. 

The Hochschule fiir Bodenkultur, Austria's major 
institution for agricultural research and teaching, in 
Vienna, where the periodical reviewed is being compiled, 
lias a history as long as most institutions of its kind in 
Europe and America. 'The Hochschule is fortunate in 
having as its chief librarian and documentalist Sigmund 
von Frauendorfer, well known for his long, successful 
service as library director of the International Institute 
•of Agriculture in Borne. In that capacity he took full 
advantage of the unusual opportunity to increase and 
improve the cooperative bibliographical undertakings in 
agriculture, forestry, and the related sciences. 

It Is probably rather general among Austrian leaders 
today to look upon international cooperation as something 
more than a necessity imposed upon this small country, 
which is surrounded by a number of large and powerful 
neighbors. The current journal, Phaidros (issued by the 
Nationalbibliothek), for example, similarly conveys a 
genuine Interest In bringing about intellectual as well as 
aesthetic and ethical agreement between various cultures. 
Even a general newspaper such as the Neue Freie Pretee 
shows tendencies of this kind, It is certainly reassuring 
to see in these Austrian publications an undaunted 
spirit of responsibility and constructive criticism which 
accepts other values with dignity and share its own quali¬ 
ties generously. 

Dr. Frauendorfer leads off with a good summary of 
the nature and purpose of documentation, giving special 
reference to agriculture and forestry. For many years he 
has emphasized the need for instruction in documentation 
methods, and we are not surprised to And it repeated. 
He states that excellent and thorough bibliographies are 
•of little value unless the potential and^expeeted users are 
actually benefited. 

The second issue has, as its lead article, a discussion of 
the Austrian agricultural press since the end of World 
War II, followed by a detailed bibliography of the 68 
journals mentioned. Dr, Frauendorfer suggests that 
there is room for planning in this area in order to avoid 
uneconomical duplication of effort where there may be two 
journals for hunting and two for the sawmill industry, 
besides special ones in the fields of forestry and lumber. 

The same able and highly instructive manner of re¬ 
porting and appraiaal displayed in the leading articles 
is shown in the review section. This and the special 
review department for periodical publications may prove 
to be the most valuable part of the Sohrifttum der Bo¬ 
denkultur. The sovereign objectivity of the editor, which 
ahould assure this journal an important place In the In¬ 
ternational agricultural world, is seen In the discussion of 
the Hndson-Bichens pamphlet, The new genetics in the 
Soviet Union. 


The scope of the Schrifttum der Bodenkultur is com 
prehensive in its subject matter and cultural and lan¬ 
guage affiliations. It is to be hoped that the editor will 
receive effective assistance from within and without Aus¬ 
tria in making the new journal fulfill his aspirations. 

The international book exhibition, sponsored by the 
Hochschule fiir Bodenkultur during June 1948, reported 
in Heft 2 of the Schrifttum, pp. 45—46, presented good 
selections of recent publications from several counties. 
This should inspire Austrians and visitors from other 
countries to Btep forward and match the honest and 
sincere efforts of this little but important land. 

I CKO iBEN 

University of Illinois 

Equaziani differewziali. F. Tricomi. (Ed.) Torino, 

Italy: G. Einaudi, 1948. Pp, 313. (Illustrated.) 

2400 lire. 

This textbook on advanced ordinary differential equa¬ 
tions, mainly of linear type, contains the author's im¬ 
provements of Bendixon’s theorem on the shape of solu¬ 
tions, and also of a theorem by Bonin and Pdlya on the 
conditions under which the maxima and minima of a solu¬ 
tion of a second order linear differential equation form 
a steadily increasing or decreasing sequence. Great care 
was given to general theorems on the location of zeros 
of tho solutions; theorems on the zeros of Bessel func¬ 
tions are derived from much more general ones in a very 
simple manner. 

The study of the boundary value problems of the 
Sturm Liouville type is based on an ingenious and quite 
elementary transformation of Priifer which reduces tht 
problem to a single differential equation of first order. 
The author discusses the behavior of the characteristic 
values os the differential equation changes as well as rela¬ 
tions to integral equations. A chapter on the so-called 
asymptotic methods includes a brief outline of the 
Laguerre and Legendre polynomials and illustrates nu¬ 
merically how good the asymptotic approximations under 
appropriate conditions are. A chapter on differential 
equations for complex variable Includes the customary 
topics and also methods of solution through divergent 
series. The book has pronounced traits of originality in 
the choice of topics and particularly in its manner of 
presentation. Tbe latter may be exemplified by the intro¬ 
duction of the elliptic functions of Jacobi as an applica¬ 
tion of a classical theorem on the existence of solutions 
of differential equations. The clarity of exposition, good 
printing and appropriate drawings make this book pleas¬ 
antly readable. 

I. Opatowwi 

The University of Chicago 
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Association Affairs 


The Gordon Research Conferences, sponsored by the 
AAAS and formerly known as the Gibson Island Research 
Conferences, will be held this year from June 20 to Sep¬ 
tember 2 at the Colby Junior College, New London, New 
Hampshire, 100 miles from Boston and 130 miles from 
Springfield, Massachusetts. These Conferences were es¬ 
tablished to stimulate research in universities, research 
foundations, and industrial laboratories. Meetings are 
informal, with plenty of time for informal discussions as 
well as scheduled lectures. They are held morning and 
evening Mondays through Thursdays, and on Frida; 
mornings. Afternoons are available for recreation, read¬ 
ing, resting, or participation in discussion groups. This 
typo of meeting is a valuable means of disseminating 
information and bringing together scientists in related 
fields. 

The purpose of the program is not to review the known 
fields of chemistry but primarily to report and explore 
underlying theories and profitable methods of approach 
for making new progress. In order to protect individual 
rights and to promote discussion, it is an established rule 
of each conference that all information presented is not 
to be used without specific authorisation of the individual 
making the contribution, whether in formal presentation 
or in discussion. No publications are prepared as ema¬ 
nating from the conferences. 

Individuals interested in attending the conferences are 
requested to send In their applications to the director on 
or before April I. Each applicant mast state the insti¬ 
tution or company with which he is connected and the 
type of work in which he is most interested. Attendance 
at each conference is limited to 100. 

The director will submit the names of those requesting 
attendance to the conference committee for each confer¬ 
ence. The committee will review the names and select the 
members in an effort to distribute the requests as widely 
as possible among the various institutions and companies 
represented. Those accepted will be notified at least five 
weeks prior to the date of the conference and will receive 
registration cards. Advance registration by mail for each 
conference is required. Return of the registration card 
with a deposit of $20.00, made payable to the Gordon Re¬ 
search Conferences, AAAS, completes registration. The 
deposit of $26.00 covers $10.00 registration fee and $15.00 
credit against subsistence expenses at the college. Rates 
for room and meals have not yet been established but it is 
planned to reduce the $0.00 daily rate charged last year. 
Members attending a conference are expected to live at 
the college but if special circumstances warrant their 
living elsewhere they will be charged $1.00 per day toward 
support of the conferences. The special reduction of 
seventy-five cents a day to members attending nt their 
own expense -has basin discontinued. 

W it is necessary to cancel a r e ser v ation, notice should 
he sent to arrive in the office of the director three weeks 


prior to the conference, whereupon $20,00 will be refunded 
from the $25.00 deposit. No refund will be made for 
later cancellation. 

Accommodations are available for a limited number of 
women to attend the conference and for wives who wish 
to accompany their husbands. All such requests should 
be made at the time of request for attendance, because 
those limited accommodations will be assigned in the order 
that specific requests are received. 

Requests for attendance at the conferences, or for any 
additional information, should bo addressed to W. George 
Parks, Director, Department of Chemistry, Rhode Island 
State College, Kingston, Rhode Island. From June 15 
to September 1, 1949, mail should be addressed to Colby 
Junior College, New London, New Hampshire. 

Program 

Petroleum 

John K. Bowman, Chairman; C. C . Price, Vice Chairman 

June 20 Beveridge J. Mair, James W. Westhaver, F. 
D. Rossini, "Theory and Practice of Fractionation of 
Liquids by Adsorption"; B. H. Sage, "Hydrocarbon 
Thermodynamics. * ’ 

June 21 F. J. McClure, "Fundamental Aspects of 
Modern Combustion Research"; Manson Benedict, "Use 
Entropy in Chemical Engineering.’' 

June 22 C. F. Prutton, "Petroleum Lubricant Addi¬ 
tives"; P. Debye, "Theory and Phenomena of Micelle 
Formation . 11 

June 23 M. W. Tamele, Otto Beeck, "The Nature of 
the Silica-Alumina Cracking Catalyst"; P. D. Foote, 
"Civilisation's Future Energy Needs." 

June 24 A. G. Oblad, T. H. Millihen, G. A. Mills, 
"The Active Principle of Petroleum Cracking Catalysts.’ 1 

Catalysis 

Ahlbom Wheeler , Chairman ; C . W. Montgomery , 
Vice Chairman 

June 27 Discussion. H. S. Taylor, "The Recent 
Work of G. M. Schwab on the Activity of Alloy Cata¬ 
lysts"; John R. Bowman and Richard H. Wilhelm, 
"Theory and Practice in Fluid Bed Catalysis." 

June 28 Pierce W. Selwood, "A New Technique: 
Nuclear Induction and the Structure of Catslytieally 
Active Solids"; L. Hof or, " Thermo-Magnetic Analysis 
of Fischer-Tropsch Catalysts"; Otto Beeck, 11 Mechanism 
of (a) Isomerisation and (b) Fischer-Tropsch Reactions 
from Experiments with Radio-Carbon and Heavy Hydro¬ 
gen." 

June 29 J. T, Hummer and P. H. Emmett, "Use of 
Isotopic Tracers in Chemisorption of Carbon Monoxide 
and Hydrogen on Ivon Catalysts"; Henry H. Storth, 



238 


SCIENCE 


March 4, 1949, VoL 109 


‘ 1 Progress Report on Proceed Development in Fischer- 
Tropsch Reaction at the U. 8. Bureau of Mines"; Speaker 
to be announced, 11 The Fischer-Tropsch Reaction in Fluid 
Beds. 11 

June 30 Symposium on Catalyst Selectivity. Ahlborn 
Wheeler, '‘Introduction: The Influence of Reaction Ki¬ 
netics and Pore Structure on Catalyst Selectivity”; John 
Turkevich, “Correlation of Selectivity with the Structure 
of the Catalyst Surface”; K. K. Kearby and Robert P. 
Sieg, “Selectivity and Reaction Mechaniam in the De¬ 
hydrogenation of Butanes and Butylenes.” 

July 1 L. N. Leum, “Factors Affecting Selectivity, 
Activity and Life in Catalytic Cracking”; A. G. Oblad, 
“Structure and Activity of Oxide Type Catalysts—A New 
Concept.' 1 

Ion Exchange 

W. C. Bauman , Chairman ; Robert Eunin, Vice Chairman 

July 4 W. C. Bauman, “Cation Exchange Resins”; 
R. Kunin, “Anion Exchange Resins.” 

July 5 W. P. Kelley, J, S. Joffe, “Inorganic Ex¬ 
change Materials, Relation to Soils ”; G, E. Boyd, E. R. 
Tompkins, “Ion Exchange in the Inorganic Field.' 1 

July 6 M. Calvin, B. N. Dickinson, H. G. Cassidy, 
“Ion Exchange in the Organic Field”; L. Hammett, 

‘ ‘ Ion Exchange Re sine as Catalysts . 17 

July 7 H. P. Gregor, L. E. Davis, “Static Equilibria 
in Ion Exchange Resins * 1 ; E, J. Roberts and H. Bliss, 
“Kinetics in Batch and Continuous Operation." 

July S G. P. Monet, W. Juda, ‘ ' Ion Exchange as Unit 
Process—Economies.' 1 

Polymers 

B. J/. Fuoaa, Chairman; E. M. Spurlin, Vice Chairman 

July 11 H. F. Mark, “Polymerization and Polymer 
Properties in the Solid State”; P. J. Flory, “Molecular 
Configuration and Intrinsic Viscosity of Polymers." 

July 12 B. H. Zimin, “Light Scattering and the 
Structure of Polymers”; R. 8. Spencer, “Rheological 
Properties of Polymers*" 

July 13 M. S. Mntheson, “Absolute Bate Constants in 
Free Radical Polymerizations"; K. Nozaki, “Long-Lived 
Free Radicals in Polymerization Reactions"; G. E. Hulse, 
“Redox Emulsion Polymerization Systems"; J, M. Swan¬ 
son, “Physical Characterization of Cellulose Xanthate in 
Solution.'' 

July 14 C. T. Walling and F. R. Mayo, “Copolymer¬ 
ization by Non-Radical Mechanisms "; R. G. Heiligmann, 
“ Friedel-Crafts Catalyzed Polymerization at Low Tem¬ 
peratures"; S. G. Cohen, “Some Reactions of Alkyl Fer- 
carbonates "; C. D. West, ' ‘ Some Molecular Interactions 
with Polar Polymers. 1 ' 

July 15 C. A. Winkler, ‘ 1 Experiments on Diffusion, of 
High Polymers. 1 ' 

Textiles 

J. H. Dillon, Chairman; Earl E. Berkley, Vice Chairman 

July IS Hi Mark, “Principles for the Selection of 
Fiber-Forming Materials 0 ,' R. C. Houtz, “ * Orion' Acry¬ 
lic Fiber: Chemistry and Properties." 


July 19 Milton Harris, “The Nature of the Felting 
Phenomenon and Some Anti-Felt Treatments"; E. L. 
Skau, “A Calorimetric Investigation of the Cellulose- 
Water Relationships in Textile Fibers." 

July 20 William Utermohlen, ‘ ‘ Detergency Studies '' ; 
T. E. Morton, “Dyeing of Cellulose Considered os a Dif¬ 
fusion Process." 

July £1 J. W. Rowen, * 1 Some Infrared Studies on 
CelLulosic Compounds"; Joseph Brant, “Discussion of 
Crease-Resistant Treatments of Fine Cotton Fabrics." 

July 22 Robert Hoffman, “Relationship of Fiber 
Propertibs to Fabrie Properties." 

Corrosion 

H. R. Gopaon, Chairman; W. 3. Loose, Vice Chairman 

July 25 H. H. Uhlig, “Theoretical Considerations 
Pertinent to Localized Corrosion"; Norman Hackerman, 
“Effect of Condition of the Metal Surface on Localized 
Corrosion. 1 ' 

July 26 F. L. LaQue, “Pitting in Sea Water and 
Brines"; W. Lynes, “Impingement Attack." 

July 27 E. P. Partridge, “Pitting in Boiler Waters 
and Fresh Waters"; A. Wachter, “Effects of Inhibitors 
on Localized Corrosion." 

July 28 A. Brenner, “Pitting Through Coatings"; 
R. B. Mears, “Granular, Transgrnnular, and Intergranu¬ 
lar Corrosion," 

July 29 F. W. Fink, ‘ ‘ Techniques for Studying Local¬ 
ized Corrosion." 

Instrumentation 

H. C. Frost, Chairman; V. F, Hanson, Vice Chairman 

August 1 Physical Methods for Chemical Analysis. 
Speaker to be announced, “Review of Recent Advances 
in Absorption and Emission Spectroscopy"; D. D. Fried, 
“Recent Improvements of Baird Infrared Gas Analy¬ 
zer"; Willard H. Bennett, “Radio-Frequency Mass Spec¬ 
trometer"; William Parrish, “X-ray Powder Diffraction 
Analysis; Geiger Counter and Film Techniques. 11 

August 2 Measurements of Physical Properties of Ma¬ 
terials. Shirleigh Silverman, “Transient Gas Tempera¬ 
ture Measurements"; Frank T. Gucker, Jr., “Photo¬ 
electric Methods of Determining Size and other Properties 
of Aerosol Particles"; John W. Forrest, “New Develop¬ 
ments in Option! Instruments." 

August 3 Symposium on Special Instruments. This 
session will consist of a series of short contributions by 
members of the Conference. Its purpose will be to 
describe the application of important instruments that 
have been found useful for special studies but which are 
not known by the average laboratory worker. While It 
is not intended to publish the program for this session 
in advance, some of the subjects to be presented include: 
(1) Non-dispersive Ultraviolet Gas Analyzer. (2) Dis¬ 
cussion Of New Electric Circuits’ for Chemical Investi¬ 
gations. (3) Guard Circuit Bridge with Oscillograph 
Detector for Resistance and Capacity Measurements In 
the Range of 100 Cycles to 300 Kilocycles. (4) A.O. 
Operated Micro Micro •‘ammeter with Built-in Regulated 
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Power Supply Suitable for Recording or Indicating Photo¬ 
tube or Ion Chamber Currents. (5) High Sensitivity 
Recording Electronic Potentiometer. 

August 4 Electronic Instruments and Elements for Re¬ 
search. J. P. Arndt, Jr., " Piezoelectricity Applied to 
Instrumentation"; Allen B. du Mont, "Use of Cathode- 
Ray Oscilloscopes in Chemical and Physical Research ' 7 ; 
Joseph F. Lash, "A Contact Modulated Amplifier and 
Some of Its Laboratory Uses.” 

August 5 Application of Industrial-Type Instruments 
to Research. Speakers for thia session will be announced 
at a later date. 

Vitamins and Metabolism 

Esmond E. Snell, Chairman; E. L. E. Stokstad , 
Free-Chairman 

August 8 C. A. Baumann, "Biological Value of Certain 
Oarotinoids "; Paul D, Boyer, "Structure and Properties 
of Tocophnrols in Relation to Biological Function"; 
Huger J. Williams, "Individual Metabolic Patterns and 
Their Significance in Nutrition and Disease”; C. Wood¬ 
ruff and W. J. Darby, " The Relation of Vitamin C and 
Folic Acid to Tyrosine Metabolism.” 

August 9 Gladys Emerson and T. R. Wood, "Some 
Aspects of Vitamin B 12 "; H. B. Woodruff, "Micro¬ 
biological Response to Vitamin B JZ and Bubstances of 
Related Physiological Activity”; L. D. Wright, "Micro¬ 
biological Studies with Vitamin B 1B -" Discussion: Wil¬ 
liam Shive. George K. Davis, "The Minor Elements, 
Cobalt, Copper and Molybdenum In Animal Nutrition." 

August 10 George W. Kidder, Virginia C. Dewey and 
R. E. Parkes, Jr., "The Use of Tetrahymena in Vitamin 
and Metabolism Studies.” Discussion: E. L. R. Stokstad. 
G. Fraonkel, "Insects in Vitamin Research with Special 
Reference to New B-Faotors ’ ’; Henry Lardy, i 1 Metabolic 
Functions of Biotin." Discussion: Robert E. Eakin. 

August 11 William Stiive, "Metabolite Antagonists and 
Vitamin Function"; Herschel K. Mitchell, "Neurospora 
Metabolism and Vitamins"; H. E. Carter, "Inositol 
Lipids”; I. C. Gunsalns, "Nature and Function of an 
Unidentified Factor Required for Pyruvate Oxidation.” 

August IS John R. Murlln, "The Criteria of Biological 
Values Among Food Proteins." Discussion: D, V. 
Frost. J. B. Thiersch and F. W. Phillips, "Effect of 
Folic Acid Antagonists on Mammals in Reference to their 
Action on Neoplastic Disease." 

Food and Nutrition 

Daniel Uelniok , Chairman ; James B. Allison, 
Vice-Chairman 

August is Food Acceptance. Frank R. Gootzl, 
"Studies on Human Appetite 1 '; John R. Brobeck, 1 ‘ The 
Role of the Nervous System in Regulating Food Intake .' 1 
Discussion: Richard H. Barnes. Theodore F. Zucker, 
"Appetite Depressants with Particular Reference to 
Gossypol"; Aaron M. Altschul, "Chemical and Physi¬ 
ological Investigations of GossypoL" Discussion: Ed* 
ward Eagle. 


August IB Adjustment to Malnutrition. Harold H. 
Mitchell, "Studies with Animals"; Herbert Pollack, 
(r Studies with Humans." Discussion: Norman Jolliffe. 
Henry L. Taylor, "Starvation"; Speaker to be an¬ 
nounced, "Obesity." Discussion: L. Emmett Holt, Jr. 

August 17 The Pros and Cons of Proteolysis in Food 
Processing and Storage. William F. Geddes, "The Mill¬ 
ing and Baking Industry"; Orville G. Hankins, "The 
Meat Packing Industry.” Discussion: Daniel Melnick. 
Newer Techniques and Controls in Preservation of Foods. 
Charles R. Stumbo, "Agitation of Foods during Thermal 
Processing”; Bernard E. Proctor, "Irradiation Pro¬ 
cedures." Discussion: John M. Jackson. 

August 18 Chromatographic Techniques. Richard J. 
Block, "Amino Acid Analyses”; Speaker to be an¬ 
nounced, ‘ 1 Carbohydrate Analyses. 1 ' Discussion. The 
Nutritional Implications of Vitamins with Modified Solu¬ 
bility Characteristics. Aaron Arnold, "Water-insoluble 
Forms of the Water-soluble Vitamins”; Albert E. Sobel, 
"Water-dispersible Forms of the Water-insoluble Vita¬ 
mins. 1 ’ Discussion: Saul H. Rubin. 

August 19 Physiological Availability of the Amino 
Acids. Carl N. Lyman, " Availnbilitv for Absorption”; 
Ernest Geiger, "The Importance of the Time Element 
in Supplementation.” Discussion: Robert A. Harte. 

Medicinal Chemistry 

12. C. Batterman , Chairman; Marlin T. Letter, 
Vice-Chairman 

August SS Antihistaminics. Arthur W. Weston, 

*' Chemistry of Antihistaminics ’ 7 - Earl R. Loew, 1 * Phar¬ 
macology and Mechanisms of Action of Antihistaminics”; 
Frederick Brown, "The Clinical Use of Antihistaminics 
in the Respiratory Allergies"; Walter C. Lobitz, Jr., 
"The Value of Antihistaminics to the Dermatologist.” 

August £3 EnzymeB. Arthur Kornberg, "Enzymatic 
Synthesis of Dinucleotides"; Thomas P. Singer, "The 
Action of Riboflavin Analogues on Isolated Enzymes.' 1 
Macrocytic Anemia. Karl Folkers (Tentative), "Vita¬ 
min B 12 "; A. L. Franklin, "Nutritional Aspects of 
Animal Protein Factor”; Arnold D. Welch, "Present 
Status of Folic Acid and Vitamin B 12 ." 

August £4 Chemotherapy. H. M. Crooks, Jr,, "Chemis¬ 
try of Chloromycetin"; Lawrence B. Hobson, "Recent 
Developments in Chemotherapy." Viruses. S. Ei Lurin, 
"Virus Multiplication"; Randall L. Thompson, "The 
Effect of Metabolite Antagonists on the Growth of Mam¬ 
malian Viruses." 

August £5 Rheumatoid Arthritis. Charles Hagen, 
”Chemistry of Rheumatoid Arthritis"; Edward F. 
Rosenberg, "Rheumatoid Arthritis, Present-day Aspects 
of Its Pathogenesis and Therapy." Diuretics. Robert 
A. Lehman, "Pharmacology of Mercurial Diuretics"; 
Robert C. Batterman, "The Clinical Evalutlon of Mer¬ 
curial Diureties In the Treatment of Congestive Heart 
Failure." 

August £€ Anticoagulants. 0. F. Huebner, "Chemistry 
of pieumarol and Related Compounds * ’; M. L. Wolfrom, 
1 ‘ The Chemistry of Heparin and Related Types of Anti* 
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coagulants"; Speaker to be announced, "The Clinical 
Use of Anticoagulants." 

Cancer 

W. H. Summerson, Chairman ; W. U . Gardner, 
Vice-Chairman 

August £9 O. Warburg and A. L, Lehniger, "Cancer 
and Fermentation Enzymes"; G, A. LePage, "Studies 
of Glycolytic Enzymes of Tumors"; J. Greenstein, "Pro¬ 
teolytic Enzymes and Cancer "; D. M. Greenberg, * 9 Effect 
of Amino Acid Analogs on Protein Formation: Relation 
to Cancer." 

August SO E. 8. Guzman Bairon, "Mechanism of Ac¬ 
tion of Ionizing Radiations"; E. Lorenz, "Some Biologi¬ 
cal Effects of Ionizing Radiations on Laboratory Ani¬ 
mals"; G. O. Gey, "Evidences of Biologic Variation in 
Tissue Cultured Strains of Normal and Malignant Cells"; 
W. Earle, "Certain Recent Advances in Tissue Culture 
in Relation to Cancer Research." 


August SI G. H. Twombly and E. F. Schoenewaldt, 
"Metabolism of Estrogenic Hormones Labeled with 
Radioactive Isotopes"; C. R, Moore, "Role of Hormones 
In the Differentiation and Determination of Tissues"; 
A. Cantarow and K. E. P&schkls, "Certain Aspects of 
Hormone Imbalance in Experimental Carcinogenesis"; 
R. E. Bout well, "Studies on the Rate of Tumor Forma¬ 
tion and the Aativity of the Adrenal Cortex. J ’ 

September J F. S. Philips and J. B. Thiersch, "Effects 
of 4-Amino Pteroylglatamie Acid and Congeners in Mam¬ 
mals"; R. B. Schoenhanh, "Status and Potentialities of 
Folic Acid Antagonists as C&rcinolytic Agents"; S. 
Farber, "Action of Folic Acid Conjugates and Antag¬ 
onists on Leukemia and other Forms of Disseminated 
Cancer . 9 9 

September £ J. G. Kidd and H. M. Toolan, "Studies on 
the Mechanisms of Resistance and Immunity to Trans¬ 
planted Cancer Cells"; J. J. Bittner, R. A. Huseby, and 
C. P. Barnum, Jr., "Studies on the Factors Associated 
with the Development of Mammary Cancer in Mice. 11 


NEWS 
and Notes 

W. C. Femelius, chairman of the 
Department of Chemistry at Syracuse 
University, has been appointed profes¬ 
sor and head of the Department at 
Penn State College, State College, 
Pennsylvania. 

Francis E. Ray, formerly of the 
Laboratory of Radiochemistry, Uni¬ 
versity of Cincinnati, has been ap¬ 
pointed director of the University of 
Florida Cancer Research Laboratory, 
effective July 1. 

B. I, Burns, administrator of hospi¬ 
tals at the University of Texas Medi¬ 
cal Branch, Galveston, has accepted 
appointment as director of Municipal 
Hospitals for Kansas City, Missouri, 
effective in March. 

Charles E. Lankford, formerly as¬ 
sociate professor in Bacteriology at the 
University of Texas Medical School, 
Galveston, has been appointed asso¬ 
ciate professor in bacteriology at the 
main university In Austin. 

Sven Hedin, 83-year old Swedish 
explorer and scientist who was par¬ 
tially blinded during an exploring ex¬ 
pedition into Asia 65 years ago, has 
regained the sight of one eye through 


a recent operation by K. G. Ploman, 
Swedish eye specialist. 

William G. McDaniel, chemical en¬ 
gineer, has joined the Operations 
Branch, Plants Division, Technical 
Command, Amy Chemical Center, 
Maryland. 

Alice Eastwood, botanist at the 
California Academy of Sciences since 
1892 and curator of the Department 
of Botany since 1B96, retired on Janu¬ 
ary 19 on the occasion of her ninetieth 
birthday. At the January meeting of 
the Academy Council, Miss Eastwood 
was made curator emeritus of botany. 
John Thomas Howell was named 
curator, and Elisabeth McClintock, 
assistant curator. 

Abel Wolman, of Johns Hopkins 
University, has been appointed lecturer 
and research consultant in Sanitary 
Engineering at the University of Illi¬ 
nois. 

Margaret Fuller Boos, consultant 
geologist in Denver, is serving as visit¬ 
ing professor in the University of Illi¬ 
nois ' Department of Geology during 
the spring 1 semester. 

Jaroslav Dedek, chemical engineer 
and former director of the research sta¬ 
tion for the sugar industry in Checho¬ 
slovakia, has taken up temporary resi¬ 
dence in Belgium. He is interested In 
coming to the United States to estab¬ 
lish an international society of beet 


sugar technology. Persons wishing to 
communicate with him may address 
him in care of Robert C. Hockett, 62 
Wall Street, New York City 5. 

Thomas K. Sherwood, dean of en¬ 
gineering at Massachusetts Institute 
of Technology, and Bruce S. Old, of 
the Arthur D. Little staff, have been 
elected to the Board of Directors of 
Arthur D. Little, Inc., Cambridge, 
Massachusetts. 

Hyman I. Goldstein, of Camden, 
New Jersey, has been elected an honor¬ 
ary member of the Belgian Gastro¬ 
enterological Society, and a cor¬ 
responding member of the Cuban So¬ 
ciety of Caneerology. 

i 

The appointment of Harold Ber¬ 
man as director of Willowbrook State 
School, Staten Island, New York City, 
was recently announced. Dr. Berman 
was formerly on the medical staff at 
St. Lawrence State Hospital, Ogdens- 
burg. 

Walter P. Taylor, wildlife research 
supervisor, U. S, Fish and Wildlife 
Service, and leader of the Oklahoma 
Cooperative Wildlife Research Unit, 
has been elected honorary Life Fellow 
of the Texas Academy of Science. 

John B. Calkin, of New York City, 
has been appointed director of the De¬ 
partment of Industrial Cooperation, 
and aesoeiate professor of chemical 
engineering at the University of 
Maine. Lyle Jennas, who has been 
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acting director of the Department will estate of Mrs. S. Margaret Berrick 
become head of the Department o'f Meyer for a new research laboratory 
Chemical Engineering. in memory of her husband. It will be 

known as the Edward J. Meyer Lab- 
E. D. Merrill, Arnold professor orfttorj 

emeritus of Botany, Harvard Univer¬ 
sity, has been appointed president of The Charles Hayden Foundation 
the Taxonomic Section of the Seventh of Boston has created a $100,000 en- 
In ter natio nal Botanical Congress, dowment fund at Columbia University, 

Mich is to convene In Btodkhbldi TEST the income from which will be used to 


summer of 1950. 

Harry Eagle has resigned as scien¬ 
tific director of the Research Branch of 
the National Cancer Institute, to head 
a new Section on Experimental Thera¬ 
peutics in the Microbiological Insti¬ 
tute, National Institutes of Health, 
Bethesda, Maryland. 

Daniel Melnlck, formerly chief of 
the Food Development Division, 
Quartermaster Food and Container In¬ 
stitute for the Armed Forces, has been 
appointed chief technologist at The 
Best Foods, Inc., Bayonne, New Jer¬ 
sey. 

Paulis P. Bijlaard, Arthur J. Mc¬ 
Nair, and Floyd O. Slate have been 
appointed associate professors in the 
School of Civil Engineering at Cornell 
University. 

Grants and Awards 

The Robert Gould Research Foun¬ 
dation, Cincinnati, has made a grant- 
in-aid of $4,000 for research in nutri¬ 
tion to C. A. Elvehjezn, dean of the 
Graduate School and chairman of the 
Biochemistry Department, University 
of Wisconsin* Dr. Elvehjem will study 
the use of amino acids as the sole 
source of protein in the diet, 

On fellowships granted by the 
Weitinghouse Educational Founda¬ 
tion, 50 secondary school teachers will 
receive a six-week refresher course in 
science at the Massachusetts Institute 
of Technology this summer, A total 
grant of $62,500 will make it possible 
for 60 teachers to receive grants of 
$250 each summer for the next five 
yean. 

The University of Cincinnati has 
received a $2,500 fellowship from the 
Grosley Broadcasting Corporation to 
stn^y the relationship between educa¬ 
tion and television. 

The University of Buffalo Medical 
School will receive $432,000 from the 


enable students from New York City 
and Boston to attend Columbia Col¬ 
lege. Bince 1939, the Foundation has 
provided scholarship funds for more 
than 250 students. 

The American Psychological As¬ 
sociation has received a grant of 
$3,000 from the Carnegie Corporation 
of New York toward support of an 
analysis of the state of progress in 
each of the principal areas of psycho¬ 
logical research. 

The Photographic Society of Swe¬ 
den has awarded the Adelskold Gold 
Medal to C. E. K. Mees, vice president 
in charge of research for the Eastman 
Kodak Company, for his contributions 
to the progress of photography. Dr. 
Mees acknowledged the award from 
Rochester, New York, in a shortwave 
broadcast beamed to Sweden and other 
European countries. 

The James Watt Medal of the In¬ 
stitution of Mechanical Engineers in 
London has boon awarded Fredrik 
Ljungstriim, Swedish inventor, who 
designed the rotary air preheater. 

The Kungliga Fysiografiska Sill- 

ska pet in Lund, Sweden, recently 
awarded its silver medal to William 
Randolph Taylor, University of Michi¬ 
gan, in recognition of his research in 
marine algae. 

Peter J. W. Debye, of Cornell Uni¬ 
versity, will receive the 1949 WUlard 
Gibbs Medal at the meeting of the 
Chicago Section of the American 
Chemical Society on May 20. 

The University of Southern Cali¬ 
fornia^ Department of Chemistry 
hoe begun two new research projects, 
sponsored by the Office of Naval Re¬ 
search. Investigation of surface areas 
and structure of proteins will be uAder 
the supervision of Sydney W, Benson, 
and a study of the properties of ionic 
solutions at the critical temperature 
of the solvent under the joint super¬ 


vision of Dr. Benson and Charles S. 
Copeland. 

Richard Ij. Potter has been granted 
a postdoctorate research fellowship by 
the Atomic Energy commission to work 
with David Green in the new Enzyme 
Institute at the University of Wiscon¬ 
sin. The purpose of the fellowship is 
to provide advanced research training 
in the physical, biological, and medical 
sciences related to atomic energy. Dr. 
Potter will use radioactive tracers in 
his work on the synthesis of enzymes. 

Edgar Reynolds Smith, chief of the 
Physical Chemistry Section, National 
Bureau of Standards, has been 
awarded the 1949 Hillebrand prize of 
the Washington Section, American 
Chemical Society. Dr. Smith, who 
prepared the first samples of heavy 
water, was cited particularly for his 
contributions to electrochemistry and 
ebulliometry. 

Under the 1949-50 Shell Fellow¬ 
ship Program, 44 fellowships in chem- 
istry, geology, geophysics, physics, and 
related fields have been established at 
36 colleges and universities throughout 
the country. Each fellowship provides 
tuition and fees as well as payment of 
$1,200 to the student and $300 to the 
department of study for his expenses. 

Fellowships 

B utler U niversity, Indianapolis, 
Indiana, announces that two new Hol¬ 
comb Research Fellowships are now 
available to graduate students in chem¬ 
istry, The fellowships are valued at 
$1,500 per year and are tenable for 
two years. Applications may be ad¬ 
dressed to the* Department of Chemis¬ 
try. 

The New York Zoological Society 
offers summer research fellowships 
providing $500 for three months, 
June 15 through September 15, to 
advanced research workers who hold a 
Fh.D. degree in physiology, zoology, 
biology, ecology, psychology, or a re¬ 
lated field and who have special in¬ 
terest and experience in the study 
of animal behavior. Further infor¬ 
mation may be obtained by writing 
to the New York Zoological Society, 
Behavior Research Program, Bronx 
Zoo, New York 60, N. Y. The So¬ 
ciety is also offering .limited grants- 
in-aid for participation 1 'in the third 
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summer research program at the 
Jackson Hole Wildlife Park, Moran, 
Wyoming. Qualified graduate students 
and professionally established persons 
who wish to conduct research in ecol¬ 
ogy, conservation and land use, wild¬ 
life, life history studies, behavior, 
botany, ornithology, entomology, pa¬ 
thology and parasitology, and aquatic 
biology are invited to apply to pro¬ 
gram committee members: J. R. Simon, 
Moran, Wyoming, chairman; G. R. 
Carpenter, Pennsylvania State College; 
W. W. Chase, University of Michigan. 

Colleges and Universities 

An expedition from the Instituto 
Lillo of Tacumfin University, Argen¬ 
tina, has been exploring the Tierra del 
Fuego-South Patagonia region for the 
past two months to study its zoological 
and geographical relationship to but- 
rounding island groups, and to Aus¬ 
tralia and New Zealand. The expedi¬ 
tion is headed by Claes Christian 
Olrog, young Swedish zoologist. 

Six colleges are participating in 
“Project Squid," a fundamental re- 
Beach program on jet propulsion spon¬ 
sored by the Office of Naval Research. 
Headquarters for the project are at 
Princeton University. Cooperating 
institutions are New York Univer¬ 
sity, Purdue U niversity, Cornell 
Aeronautical Laboratory, Brooklyn 
Polytechnic Institute, and the Uni¬ 
versity of Delaware. The project will 
Include a year's work on “Heat Trans¬ 
fer in Passages with Free Convection 
and Counter Flow," directed by S. 
A. Ouerrieri, of the University of Dela¬ 
ware, with the assistance of Robert 
Connell and Charles V. Foster. 

The Univeroity of Wisconsin has 
begun construction on the first $2,500,- 
000 wing of its engineering building, 
the beginning of an $82,000,000 10- 
year building project. 

The Woman's Medical College, 
Philadelphia, Pennsylvania has an¬ 
nounced the following appointments 
to its faculty i Edward H. Vick, clini¬ 
cal assistant in pediatrics; Will iam 
Ellis and S. Mieelli, clinical assistants 
in urology; Harry B. Adams, Jr., clini¬ 
cal assistant in proctology; Mary 
Helen Cameron, fellow.in radiology; 
Marian Abbott Boyd, clinical instruc¬ 


tor in medicine; Alice M, Anderson, 
Frances A. Harkins, Mildred R. Mit¬ 
chell, clinical assistants in medicine. 

Meetings and Elections 

The Texas Academy of Science 

elected the following officers at its 
December meeting in San Antonio, 
Texas: president, J. Brian Eby; vice 
president, C. M, Pomerat; editor, J. 
L. Baughman; president of the Con¬ 
servation Council, J. G. Sinclair; sec¬ 
retary-treasurer, Gladys II. BaiTd. 
The theme of the meeting was ‘ 1 Con¬ 
servation of Natural Resources and of 
Population.' 1 A quarterly publication, 
Texas Journal of Science, will be in¬ 
itiated by the Academy next month. 
The Collegiate and Junior Academies 
have a membership approaching that 
of the Senior Academy and each puts 
on a full program of its own. 

The Biological Photographic As¬ 
sociation's New York Chapter has 
elected Percy Brooks, head of the 
medical Illustration Department of 
Cornell University Medical School, 
chairman of its acting executive com¬ 
mittee. Margaret Smith Frankow, of 
the Department of Dermatology, Co¬ 
lumbia University, was elected sec- 
retary-tTeasUTeT of the group. 

The Washington Academy of 
Sciences elected the following officers 
at Its January meeting: president, 
Frank H. H. Roberts, Jr.; president¬ 
elect, Francis B. Silsbee; secretary, 
Frank M, Sotzler; treasurer, Howard 
S. Rappleye; elected to the Board of 
Managers, William F. Foshag and C. 
Lewis Gazin. 

The British Association for the 
Advancement of Science will hold 
its annual meeting at Newcastle-upon- 
Tyne, August 31-September 7. Pre¬ 
liminary programs will be available to 
early May, upon application to the 
secretary, David M. Lowe, BAAS, Bur¬ 
lington House, London Wl. 

The World Engineering Confer¬ 
ence will hold its second International 
Technical Congress in Cairo, March 
20-20. Three U. S. engineers who will 
present papers at the Congress are: 
W. H. Carson, dean of the School of 
Engineering, University of Oklahoma; 
Mprria L. Cooke, Philadelphia man¬ 
agement engineer and government con¬ 


sultant; and James S. Thompson, vice 
chairman of the board, McGraw-Hill 
Book Company. Max Thornburg of 
the Engineers Join t Council Middle 
East Commission has also been Invited 
to attend as a Council delegate. 

The Anthracite Conference, spon¬ 
sored by the Anthracite Institute and 
Lehigh University, Pennsylvania, will 
be held at the University May 5-0. A. 
Copeland Callen, head of Lehigh F s de¬ 
partment of mining engineering, is 
chairman of the committee planning 
the sessions. 

The International Union of Bio¬ 
logical Sciences will hold a conference 
on “ Development, Growth and Regen¬ 
eration of the Nervous System 1 ’ at the 
University of Chicago, March 21-25, 
under the chairmanship of Paul Weiss. 
Foreign scientists participating are J. 
Boeke, Utrecht; Holger Ilyden, Stock¬ 
holm; Rita Levi-Montalcini, Torino; 
Albert Stefanelli, Rome; Sydney Sun¬ 
derland, Melbourne; and J. Z, Young, 
London. 

The annual conference of the Brit¬ 
ish Textile Institute will be held in 
Dublin, Ireland, May 24-27. Walter 
J. Hamburger, director of Fabric Re¬ 
search Laboratories, Inc., Boston, Mas¬ 
sachusetts, will present a paper on 
“Industrial Applications of Stress- 
Strain Relationships." 

The Midwest Power Conference, 

sponsored by the Illinois Institute of 
Technology, will be held'at the Sher¬ 
man Hotel, Chicago, April 18-20. In¬ 
vitations are extended to those In¬ 
terested in the nation's power prob¬ 
lems. Programs may be obtained from 
the conference secretary, Edwin R. 
Whitehead, Illinois Institute of Tech¬ 
nology, 3300 Federal Street, Chicago, 
16. 

The American Physical Society’s 
Division of Solid State Phyalci will 
hold a symposium in Cleveland, Marsh 
10-12. The program will include the 
following Invited papers to be pre¬ 
sented on Thursday afternoon and 
Friday vnOtning and afternoon: 
r George E. Pake, Washington Uni¬ 
versity, 11 Nuclear Magnetic Resonance 
in Studies of Solids"; E. Guth, Uni¬ 
versity of Notre Dame (title to be 
announced); Charles Eittel, Beil Tele¬ 
phone Laboratory, “Recent Develop- 
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menta in Ferromagnetism' 9 ; F. S. 
Goucher, Bell Telephone Laboratory, 
* * Photoelectric Effects in PN Recti¬ 
fying Barriers"; B. Bmoluchowski, 
Carnegie Institute of Technology, 
"Recent Developments in Order-Dis¬ 
order Phenomena 11 ; E. Orowan, Cam¬ 
bridge, England, "Brittle Fracture of 
Triaxial Stresses"; F. Seitz, C. I. T. r 
"The Multiplication of Electrons in 
Crystals by High Electrostatic Field 9 9 ; 
I. Esterman, C.I.T., "Resistivity of 
Germanium Samples at Liquid Helium 
Temperatures"; J. E. Goldman, West- 
inghouse Research Laboratories, "In¬ 
fluence of Atomic Order on Magnetic 
Properties"; Cyril S. Smith, Univer¬ 
sity of Chicago, "Grain and Inter¬ 
phase Boundaries in Metals"; A, W, 
Lawson, University of Chicago, "New 
Techniques in High Pressure Re 
Honrcli. * 1 

In addition, regular sessions of 
papers concerning the solid state will 
be held on Friday and Saturday. 

Unesco News 

A Unesco Mission arrived in the 
Philippines early last month to study 
problems of civic information and 
education and to help in developing 
a program of adult and primary edu¬ 
cation. Floyd Reeves, specialist in 
educational administration on leave 
from the University of Chicago, will 
direct the work of the Mission, as¬ 
sisted by Paul Hanna, of Stanford 
University, and Dean Cliff A. Lewis, 
Ontario College of Education, To¬ 
ronto. The Philippine Government 
will meet part of the expenses of the 
mission, which will last about three 
mouths. This is the second contract 
of its kind concluded by Unesco with 
a member state. The first calls for 
H similar mission to Afghanistan. 

The Uneaco Courier, a monthly 
newspaper which is published in Paris 
nnd which reports global activities of 
the Organization, will soon bo avail¬ 
able to U. S. readers on a subscription 
basis. Orders may be placed with 
the Columbia University Press, New 
York City 27. 

Deaths 

Ladislaw Parkas, 44, professor of 
physical chemistry at Hebrew Univer¬ 


sity, Jerusalem, died December 31 in 
an airplane crash while en route to 
the U. S. He was well known among 
physical chemists for his research in 
reaction kinetics and photochemistry, 
and especially for his fundamental 
investigations of the orthohydrogen- 
parahydrogen conversion. 

Townes Randolph Leigh, 6S, dean 

emeritus of the College of Arts and 
Sciences and head of the Chemistry 
Department of the University of Flor¬ 
ida, died in Gainesville on February 
15. Appointed acting vice president 
of the Unversity in 1934, Dr. Leigh 
became vice president in 1946 and, in 
1948, was given the title of honorary 
vice president. 

Bailey Willis, 01, professor emeritus 
of geology at Stanford University, 
und former president of the Seismo- 
logical Society of America, died in 
Palo Alto, California February 19. 
From 1884 to 1910, Dr. Willis had 
served with the U. S. Geological Sur¬ 
vey. The second volume of his auto¬ 
biography is in process of publication. 

W. A. Anderson, 49, curator of the 
Phanerogamic Herbarium and asso¬ 
ciate professor of botany at the State 
University of Iowa, died February 20. 

Russell W. Porter, 77, artist- 
astronomer who made the detailed 
sketches of the 200-inch Palomar tele¬ 
scope, died in Pasadena, California 
February 22. Dr. Porter accompanied 
Admiral Peary to the Arctic, and 
joined several other expeditions to 
Greenland, Baffin Land and Franz 
Josef Land. 

Keith L. Maurer, 53, electrical en¬ 
gineer with the Bell Telephone Labora¬ 
tories, died February 25 at his home in 
Rockville Centre, New York. 

W. J. Conway, professor of chem¬ 
istry at Fordham University, died 
February 28 in Teaneok, New Jersey. 


The Lepidopterists’ Society is now 
sponsoring or preparing to initiate 
cooperative projects on phenology and 
butterfly migration and on a syste¬ 
matic-biological monograph of ^Ne- 
arctio butterflies. The society was 
formed In 1947 for the purpose of 


maintaining close contacts between 
all persons, in all nations, interested 
in any aspects of the study of Lepi- 
doptera. It now publishes a monthly 
periodical, The Lepidopt arista* News, 
which contains reviews of biological 
and taxonomic subjects, abstracts of 
recent papers on Lepidoptera from 
the world literature, and short com¬ 
munications from members. Research 
papers arc excluded. The only con¬ 
dition for membership is payment of 
dues, which are $2.00 for 1949. Each 
member receives a subscription to 
The Lepidopteriata* News. Remit¬ 
tances may be sent to the editor, C. L. 
Remington, Osborn Zoological Labo¬ 
ratory, Yale Station, Now Haven, 
Connecticut. 

A method for the quantitative de¬ 
termination of phenol and cresol 

in complex biochemical samples by 
counter-current distribution has been 
developed by Army investigators at 
Camp Frederick, Maryland. The 
counter-current distribution method, 
the basis of which is the partition of 
a soluble substance between two mu¬ 
tually immiscible phases, has been 
used in antibiotic and antimalarial 
investigations, but has had only 
limited use in the field of analytical 
chemistry. The new application of 
the method is described in a report, 
"The Determination of Pliennl and 
Cresol in Complex Biochemical Mix¬ 
tures 19 (PB 95891), which can be 
obtained from the Photoduplication 
Service, Library of Congress, Wash¬ 
ington 25, D. C. The price is $3.75 
for photostat and $2.00 for microfilm. 
Orders should be accompanied by 
check or money order payable to the 
Librarian of Congress. 

Publication of “Pharmacological 
Reviews/’ a supplement to be included 
with the last Issue of each of the 
three annual volumes of the JovrnaT 
of Pharmacology and Experimental 
Therapeutics, will begin with the 
Journal } s April issue. About 160 
pages will be devoted to each issue of 
the supplement, which will be edited by 
Louis Goodman, with the assistance 
of J. H. Comroe, C. A. Dragsted, H. 
A. Eagle, A. McG. Harvey, O. Krayer, 
G. C. Pfeiffer, and M. L. Tain ter. 
The first issue will contain articles on 
the anticholinesterases, drug-protein 
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interactions, ganglionic blocking 
agents, adrenergic blocking agents, 
and salicylates. The supplements 
may be ordered from the Journal 
separately at the rate of $2.00 each, 
in advance, or by increasing the pay¬ 
ment for the Journal subscription 
from $15.00 to $18.00 per year. 

'fhe National Research Council of 

Canada in extending its wartime re¬ 
search on snow problems related to the 
operation of tracked vehicles to cover 
the general problem of snow mechanics. 
The Dominion spends at least $20,- 
000,000 every year in snow removal. 
Transport over snow also presents spe¬ 
cial difficulties and provision must he 
made for the pressure exerted by ice 
against dams. Problems like these are 
under study by the Research Council 'a 
Associate Committee on Soil and Snow 
Mechanics, which sponsored a recent 
survey of snow centers in the western 
U. S, and Canada by Marcel de Quer- 
vain, Swiss snow scientist on loan to 
Canada, and D. C. Pearce. 

Motion pictures made with X-rays 

are being produced at the University 
of Washington Medical School with 
apparatus designed by Robert F. Rush- 
mer, assistant professor of physiology. 
The subject is placed against a fluoro- 
scope screen, which glows when struck 
by X-rays, and thus produces an im¬ 
age. Because X-rays would fog the 
camera film, the lens of the movie cam¬ 
era is faced away from the screen and 
the image is projected to the lens by 
a series of mirrors. "The camera is 
protected by a lead shield, A speedy * 
technique for processing the Aim makes 
it possible to show the movies the same 
day they are taken. Dr. Ruahmer is 
working on a way to synchronize the 
X-ray current with the camera shutter 
so as to minimize the subject’s ex¬ 
posure. The Seattle Orthopedic Hos¬ 
pital is using the X-ray movies to study 
the heart in action. 

A study of Peruvian culture, part 
of Cornell University’s broad program 
of cultural anthropology, was started 
last month under the direction of Al¬ 
lan Holmberg in O&llejon de Huaylas, 
a mountain valley along the north 
coast of Peru. This region Is under¬ 
going a transition to modern indus¬ 
trialization and Dr. Holmberg will 
analyse the human and social problems 


involved. The Institute of Ethnology 
of the University of San Marcos is 
collaborating with him in the work. 
The Peruvian study iB conducted in co¬ 
ordination with the other projects of 
the Cornell program, which is sup¬ 
ported by the Carnegie Corporation. 
Alexander Leighton has been working 
with American Indians in the South¬ 
west and Lauriston Sharp has been in 
Siam since last summer. M. E. Opler 
plans a research trip to India this fall. 

The University of Illinois’ College 
of Dentistry plans to offer a course of 
six round table discussions on “Cur¬ 
rent Advances in Dentistry” this fall, 
to be transmitted by telephone from 
coast to coast. Telephone connections 
from Chicago are made by ordinary 
toll call to tho various cities and loud 
speakers amplify the speeches in local 
meeting rooms. Lantern slides, bro¬ 
chures, and other material are fur¬ 
nished to the participating groups. 
The University's telephone extension 
courses were begun two years ago by 
Saul Levy, chairman of the program. 


Recently Received— 

The Cavendish Laboratory, by Sir 
Lawrence Bragg. (19th Autumn 
lecture to The Institute of Metals, 
delivered 10 September 1949.) 
Published by the Institute, 4 Gros- 
venor Gardens, London, S.W.l, 
England. 

The First World Health Assembly, 
by James A. Do till and Morton 
Kramer. (Reprint No. 2894 from 
the Public Health Reports.) Wash¬ 
ington 25, D. C.: Supt. of Docu¬ 
ments, U. 9. Government Printing 
Office. $.10. 

Intellectual abilities in the adolescent 
period; their growth and develop¬ 
ment, by David Segel. (Federal 
Security Agency Bull. 1949.) 
Washington 25, D. C.: Supt. of 
Documents, U. S. Government 
Printing Office. $.15. 

Bulletin Scientidque de 1 ’Associa¬ 
tion des Ingfoieurs Electricians Sor- 
tis de llnstitut filectrotechnique 
Montefiore, January 1949, No. 1. 
Siege Social, Rue Saint-GLlles, 31, 
Li&go, Belgium. 50 fr. 


Education in Panama (Bull. 1948. 
No. 12) and Education in Vene¬ 
zuela (Bull. 1948, No. 14) by Delia 
Goetz. Office of Education, Fed¬ 
eral Security Agency bulletins. 
Washington 25, D. C.: Supt. of 
Documents, IT. 9. Government 
Printing Office. $.25 and $.30, 
respectively. 

Report of Activities, April 1945- 
March 1048, and 9ummaries of Re¬ 
search prepared by the Board for 
Scientific and Industrial Research, 
Government of Palestine. Copies 
obtainable from the B.S.I.R., P.O. 
Box 607, Jerusalem at 3/. 

Annual Reports for 1945-47 (Nos. 
5H-60) of the Marine Biological 
Station at Port Erin, Isle of Man. 
prepared by J. H. Orton. Liver¬ 
pool, England: University Press. 
5/- 

British Marine Gas Turbines (the 
13th Parsons Memorial Lecture 
by T. W. F. Brown. North-East 
Coast Institution of Engineers and 
Shipbuilders, Bolbec Hall, New 
castle upon Tyne, England. 


Make Plans for— 

14th North American Wild Life 
Conference, March 7-9, Btatler Hotel, 
Washington, D. C. 

American Chemical Society, 115th 
national meeting, March 29-Apri) 1, 
San Francisco, California. 

American College of Physicians, 
30th annual session, March 28-April 1, 
New York City. 

American Ortbopaychiatrlc Asso¬ 
ciation, annual meeting, April 4-7, 
Stevens Hotel, Chicago. 


Erratum: The International and 
Fourth American Congress on Ob¬ 
stetrics and Gynecology is scheduled 
to take place May 14-19, 1950 in Ne* 
York City rather than in 1949 os 
originally reported in Boienae, (Febru¬ 
ary 25, pg< 217). 
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Oak Ridge National Laboratory 


Alvin M. Weinberg 

Oak Ridge National Laboratory 

IJRING THE TWO YEARS that the develop¬ 
ment of nuclear energy in this country has 
been the responsibility of the U. S. Atomic 
Energy Commission, the large national laboratory hns 
emerged as a new entity, a new experiment in the 
conduct of organized research. Each of the labora¬ 
tories—Argonne, Oak Ridge, Brookhaven—bears an 
individual stamp imprinted by its history and its 
geography. This individuality manifests itself in dif¬ 
ferences in atmosphere, in program, and in aims. 
Thus, in order to understand the Oak Ridge National 
Laboratory it is necessary first to trace its history. 

The laboratory was organized under the name Clin¬ 
ton Laboratories (after the town of Clinton, Tennes¬ 
see, ubout eight miles from Oak Ridge), in the fall of 
1943. At that time it was a branch of the Metallur¬ 
gical Project—the University of Chicago Metallur¬ 
gical Laboratory and the Clinton Laboratories com¬ 
prised the 1 major units of the Project, under the over¬ 
all direction of Arthur H. Compton. The laboratory 
itself was directed by M. 1). Whitaker, now- president 
of Lehigh University. 

The main job of the laboratory was to produce and 
extract plutonium on a gram scale in order to teat the 
feasibility of the whole Hanford project. For this 
purpose an air-cooled graphite reactor was con¬ 
structed. This reactor, the first with provision for 
large scale heat removal, began operation on Novem¬ 
ber 4, 1943, and has operated satisfactorily as a re¬ 
search instrument and an isotope producer ever since. 
In addition, a chemical pilot plant for plutonium ex¬ 
traction was built; this is a relatively small version 
of the huge concrete structures at Hanford, where 
plutonium is extracted on a large scale by methods 
first proved at Clinton Laboratories. 

Since the laboratories were in effect a pilot plant— 
at least on the chemical side—for the DuPont-operated 
Hanford Engineer Works, it was natural that the 
DuPont Company played an’ important role in the 
early history of Clinton Laboratories. The University 
of Chicago operated the institution; however, the sci¬ 
entists and engineers at the DuPont Company and at 
the University of Chicago collaborated in designing the 
reactor and the chemical facilities, and DuPont was 
the construction contractor for the whole installation. 
In addition, the laboratories were used as a training 
ground for the workers at DuPont who were ulti- 
nantely destined to operate the HanfoTd establishment. 


Many ol the laboratory's operating staff were actually 
DuPont employees on loan to the University of Chi¬ 
cago. Thus industrial and academic influences have 
both been strongly felt at the laboratory from its 
earliest days. An atmosphere which is a blend of these 
two has naturally developed there. 

The original purpose of Clinton Laboratories dic¬ 
tated the composition of its staff. Chemistry and 
chemical engineering (the chemical engineering carried 
out in the “technical” division, so called because the 
name is in common use by the DuPont Company) 
made up more than ninety percent of the scientific 
effort, This emphasis on chemistry and chemical engi¬ 
neering at Oak Ridge has in some measure persisted 
ever Binoe. In addition, there was a small physics 
staff thaL directed the construction of the reactor and 
performed experiments with it, a small biology and 
medical staff, and an operation staff of technicians 
who later took charge of the routine production of 
radioisotopes. The technical direction of the labora¬ 
tory at this time (1943—40) was the responsibility of 
R. L. Doan, research director. 

Oak Ridge functioned as an adjunct of the Chicago 
Metallurgical Laboratory all through the war. Rela¬ 
tions with Chicago were extremely close—monthly in¬ 
formation meetings were held there at which research 
results from the two groups were exchanged and dis¬ 
cussed. There were many problems—usually chem¬ 
ical—which were attacked jointly. 

The very close relation between Clinton and Chicago 
remained until the end of the war. In June 1945, 
when the laboratory population had grown to 1,080, 
250 of them technical staff members, it was arranged 
by the Manhattan Engineer District to transfer the 
laboratory operating contract to the Monsanto Chem¬ 
ical Company of St. Louis. The laboratory therefore 
withdrew from the University of Chicago Project 
and embarked on an independent course, with nn over¬ 
all program much broader than the originally con¬ 
ceived program of chemistry and chentical engineer¬ 
ing. A number of scientists from Chicago who had 
been interested in the long range possibilities of 
atomic energy joined the laboratory, and its program 
veered toward the development of new reactor types. 
Physics and' mechanical engineering were strength¬ 
ened, since these disciplines are important for reactor 
development. In addition, there was a general broad¬ 
ening of the laboratory's work in pure science. 
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The large scale production of radioisotopes for sci¬ 
entific and therapeutic purposes was established as an 
important function of the Clinton Laboratories in 
1945. It has continued ever since to be one of the 
moat significant activities of the laboratory—and in 
fact, one of the most significant activities of the whole 
Atomic Energy Commission. 

In May, 1940, Dr. Whitaker left the laboratory to 
become president of Lehigh University, and Dr. Doan 
returned to the Phillips Petroleum Company, from 
which he had been on leave. E. P. Wigner, on leave 
from Princeton University for n year, was named 
director of research and development, and J. H. Lum 
of the Monsanto Company became executive director. 

The year during which Professor Wigner directed 
the laboratory was one of intense activity and ex¬ 
pansion. A metallurgy division was established, and 
the biology division increased greatly in size. Under 
the direction of A. Hollaender, its approach to the 
problem of the biological effects of radiation became 
microbiological and biochemical rather than mam¬ 
malian. The physics, chemistry, technical, and health 
physics divisions also increased in size and scope. 

The laboratory program centered even more closely 
than before around the science and technology of 
nuclear reactors, although this preoccupation with re¬ 
actor development was not so much the result of Com¬ 
mission directive as it was the outgrowth of the nat¬ 
ural interests of the staff, particularly Dr. Wigner. 

One of the most interesting activities at the labora¬ 
tory during this period was the Clinton Laboratories 
Training School, directed by F. Seitz. Professor 
Wigner and his group at the Chicago Metallurgical 
Laboratory had done a great deal of long range think¬ 
ing on the possibilities of nuclear energy, and on the 
codification of nuclea/ technology into a discipline 
which had its own tradition and could be conveyed 
to newcomers in the field. Because of security restric¬ 
tions it seemed impractical to carry out the necessary 
training in nuclear technology within the usual educa¬ 
tional agencies. Professor Wigner therefore con¬ 
ceived the notion of establishing a nuclear technology 
training school within Clinton Laboratories. To this 
school were invited about 40 scientists and engineers, 
both industrial and academic, interested in entering 
the new field. The “students" took part in the regular 
laboratory activities besides attending classes given by 
staff members, and after the year’s stay they were 
expected to carry their training bach to their home 
institutions, 

Although the training school operated for only a 
year its alumni include several of the best known 
figures in the American atomic energy effort. There 
were administrative difficulties of the sort that beset 


most enterprises at the outset, but the training school 
was a success ae measured by the influence its stu¬ 
dents have had on the national nuclear energy devel¬ 
opment. 

Professor Wigncr's leave from Princeton ended in 
August, 3947. About the same time, the Monsanto 
Chemical Company decided, in agreement with the 
Atomic Energy Commission, not to renew its contract 
for operation of the laboratory. There followed a 
period of jidministrntivc uncertainty, during part of 
which the University of Chicago'waB the presumptive 
contractor. This period ended March 1, 1948, when 
the Carbide and Carbon Chemicals Corporation took 
over operation of the laboratory, now called Oak 
Ridge National Laboratory, on a four-year eon tract. 
The Carbide Corporation had already been operating 
the other two Oak Ridge installations—the K-25 gase¬ 
ous diffusion plant aiul the Y-12 electromagnetic 
plant—and the extraordinarily well-equipped process 
and development laboratories connected with them, 

Two events of extreme importance to the laboratory 
occurred during 1040-47. First, the Oak Ridge Insti¬ 
tute of Nuclear Studies was organized. This agency, 
representing 19 sou then) universities, 1 seeks to estab¬ 
lish cooperative arrangements between the Oak Ridge 
National Laboratory (as well as the other plant lab¬ 
oratories) and the member institutions in all scientific 
areas where such cooperation can be fruitful for the 
laboratory and for the member institutions. Thus, 
arrangements arc made, vih the ORINS, for students 
from outside universities to do Ph.D. thesis work at 
Oak Ridge. Again, faculty members of the ORINS 
universities are given the opportunity to work in Onk 
Ridge National Laboratory or in the plant develop¬ 
ment laboratories, to learn new techniques nnd to 
meet distinguished men in the field who often visit the 
laboratories, and to use this knowledge in their own 
research and teaching activities. In this respect the 
Oak Ridge Institute of Nuclear Studies operates in 
much the same way as do the Associated Universities 
at Brookhaven, or the Board of Governors at Ar- 
gonne. It is to be hoped that the Oak Ridge Na¬ 
tional Laboratory will play a profoundly important 
part in the scientific and cultural development of the 
Southland. The degree to which this promise is ful¬ 
filled will depend, of course, on the imagination 
brought to bear on developing fruitful means of con¬ 
tact between the laboratory and the southern region. 

1 Alabama Polytechnic Institute, University of Arkansas, 
University of Alabama, Duke University, Emory University, 
University of Florida, Georgia School of Technology, Univer¬ 
sity of Georgia, University ot Kentucky, Louisiana State 
University, University of Louisville, University of North 
Carolina, University of Mississippi, University of Tennessee, 
Tulane University, University of Texas, University of Vir¬ 
ginia, Vanderbilt University, Catholic University of America, 
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The secoud event of great importance was the 
decision, on December 27, 1947, to concentrate reactor 
technology at the Argonne National Laboratory and 
to concentrate ut Oak Ridge chemical technology, 
isotope production, and basic research in chemistry, 
physics, biology, and metallurgy, the basic research 
to be carried out in such a way as to stimulate co¬ 
operation with the southern institutions and the 
ORINS, In a certain sense this decision represented 
a partial return to the original concept of the old 
Clinton Imhorulories, the chemical engineering instal¬ 
lation of the Plutonium Project. However, more and 
more of the laboratory's effort had been directed 
toward reactor technology' and basic research since 
the early days. The decision to merge the ORNL re¬ 
actor effort at Argonne naturally caused considerable 
uncertainty among the scientists at Oak Ridge, the 
degree of dislocation varying from division to divi¬ 
sion, depending on how the new directive affected 
work done there. 

It is fair to state that the laboratory has readjusted 
to its new status remarkably well, and has even ac¬ 
quired greater stability and permanence, because: 

(1) The question of contractor has been settled 
on u long term basis; (2) The relative positions of 
basic research in the sciences and applied chemical 
technology have been established—it has become clear 
thut it is perfectly possible for the two to flourish 
side by side, and in fact, to be fertilized by each other 
in this juxtaposition; (3) Personnel relations at the 
Carbide and CHrbon Chemicals Corporation are han¬ 
dled well, in a munner consistent with the fact that 
the scientitle staff has nil esprit de corps and a loyalty 
to Ouk Ridge; (4) Finally, the role of the Southern 
universities in the laboratory has been defined, and 
the hope that Oak Ridge will become the center of 
basic research in the South materializes with each 
additional Pli.D. student, with each visiting faculty 
member, and with each lecture by nn Oak Ridge sci¬ 
entist at a Southern institution. 

At present the laboratory population ia about 2,000, 
including about 60<^ technical staff members. The lab¬ 
oratory is divided into six scientific divisions: biology, 
chemistry, health physics, metallurgy, physics, and 
technical. In addition, there is an operating depart¬ 
ment, responsible for radioisotope production and 
pile operation, and several service departments. 

About half of the laboratory's work is classified. 
The other half includes basic studies in many fields, 
some of which have already become almost classical. 
Among these studies are: 

Neutron diffraction. This technique, for which the 
chain reactor is ideally suited, has become an ex¬ 
traordinarily powerful tool for the investigation of 


the structure of hydrogen-containing crystals. Since 
chain reactors are so expensive that in all probability 
only lurge organizations Like national laboratories will 
over be able to afford them, the use of neutron dif¬ 
fraction for the systematic study of crystals and 
molecular structure is apt to remain a most important 
basic scientific function of the national laboratories. 

Ion exchange method# in inorganic chemistry. The 
systematic separation and purification of chemical 
compounds by selective adsorption oil organic zeolites 
have been developed at ORNL as a tool in many 
chemical investigations. For example, the prepara¬ 
tion of exceedingly pure (99.9%, or better) rare earths 
was first performed at ORNL, and has since become a 
fairly routine procedure. 

Isolation and chemical properties of elements 61 
and f, : l. Element 01, prometheum, and element 43, 
technetium, were first isolated in milligram amounts 
lit ORNL from the /Union product wustes, and many 
of their chemical properties have been determined. 
The work on these elements typifies the sort of large 
scale “hot” operations which the extensive radiochem¬ 
ical facilities at ORNL make particularly feasible. 

The facilities of the Oak Ridge National Laboratory 
bear evidence of the diversity which is the mark of n 
wur-boni activity. The biology division is housed in 
buildings which were intended for use in the electro¬ 
magnetic isotope separation process, but which have 
been converted into one of the best-equipped biolog¬ 
ical laboratories in the world. The metallurgy lab¬ 
oratory is equipped with one of the largest exclu¬ 
sively experimental extrusion presses in the country;* 
the physics division has ftt its disposal u helium lique- 
fler and, jointly with the chemistry division, a Van de 
Grant machine in uddition to the chain reactor; the 
chemistry division possesses superb, high level, large 
scale hot laboratories, in uddition to such relatively 
standard apparatus as an electron microscope and an 
X-ray and optical diffraction laboratory. This is only 
part of the equipment for which many millions of 
dollars have been spent at Oak Ridge National Lab¬ 
oratory since its inception. 

In addition to the equipment at ORNL proper, 
there are available in the neighboring plant develop¬ 
mental laboratories excellent facilities for work in 
optical and mass spectroscopy, os well as huge ver¬ 
tical magnets suitable for cosmic ray investigations. 
Relations between ORNL and the two phint labora¬ 
tories have been very dose—to the mutual benefit of 
all three organizations—ever since the laboratory and 
the plants bare been under one contracting agency. 

Oak Ridge National Laboratory represents a unique 
experiment in scientific and governmental administra¬ 
tion. It is a national institution operated by a pri- 
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vate corporation for the purpose of furthering nu¬ 
clear chemical technology on the one hand, and basic 
research, in conjunction with the Southern univer¬ 
sities, on the other. It is thus a microcosm in which 
arc projected muny elements of our modern Amer¬ 
ican—and Southern—society. 

Can such an experiment be made to work 1 It is im¬ 
portant to remember that the national laboratory for 
nuclenr research is a new species—that there are no 
blueprints for the successful national laboratory—and 
that there are probubly several administrative setups 
that will prove to be workable. It has been stated that 
industry is not suited to manuge a national laboratory 
dedicated in good measure to basic research—yet the 
experience of ORNL during the last yenr under Car¬ 
bide management has demonstrated that first-rate 
basic research can be done in an industrial frame¬ 
work. One important reason is the fact thut the 
subtle relations between staff and contractor have been 
so handled as to take into account the basic loyalties 
of the staff, which go primarily to the national labora¬ 
tory rather than to the contracting agency. 

Again it has been suggested that the successful na¬ 
tional laboratory should be located close to a largo 
city. Oak Ridge is rather isolated. But life in Oak 


Ridge and the other atomic cities has muny attractive 
features. There exist cameraderie and opportunities 
to take active part in community and cultural activi¬ 
ties which are quite beyond the prospect of the 
average city dweller, In large measure these features 
of life in Oak Ridge compensate for the cultural ad¬ 
vantages of the large city—which so often are avail¬ 
able but are left unused. 

But it may be that the laboratory draws its essen¬ 
tial strength from its position as the largest scientific 
institution in the South. It iB commonplace to ob¬ 
serve that the Southland is undergoing a modern in¬ 
dustrial revolution—that living standards are increas¬ 
ing, and that, as a concomitant, a cultural rebirth is 
in the making. But the South has a long way to go, 
especially in the sciences. In making its influence 
felt throughout the scientific departments of the 
Southern universities, Oak Ridge National Laboratory, 
through the agency of the Oak Ridge Institute of 
Nuclear Studies, has a worthy educational mission to 
perform. Should it fulfill this mission then this ful¬ 
fillment—this curious by-product of the atomic bomb 
—will almost surely rank in importance with any fu¬ 
ture technical advances which Oak Ridge National 
Laboratory—or any laboratory—can hope to achieve. 


On the Calculation of Planet Temperatures From 
the Composition of Meteoritic Matter 


I. M. Klotz 

Department of Chemistry, Northwestern University 

€ 

I N A RECENT PAPER, BROWN AND PATTER¬ 
SON (2) STATE “the conclusion appears irrefu¬ 
table that meteorites at one time were an integral 
purt of a planet” similar in characteristics to the 
earth, The evidence for this conclusion which they 
emphasize especially consists of certain thermody¬ 
namic computations made on the basis of data which 
they have compiled. Careful analysis indicates, how¬ 
ever, that even if we grant the assumptions involved 
in making these computations and even if we use the, 
data assembled by Brown and Patterson, we should 
arrive at conclusions which are at variance with those 
proposed by these authors. 

Brown and Patterson's thermodynamic calculations 
depend fundamentally on the assumption “that the 
observed distributions of elements [within meteorites] 
represent equilibrium distributions . . . [which] must 


have been established at temperatures of the order of 
3,000° C and pressures of the order of 10°-10 a a tins.” 
The pressures specified depend, in turn, on the value 
assumed for the equilibrium temperature. It seems 
pertinent, therefore, to examine |orefully the basis 
of the particular choice of temperature, and the degree 
of reliability of the value proposed. 

The choice of 3,000° C as the equilibrium tempera¬ 
ture is based on the correlations of data on equi¬ 
librium distributions between silicate and metal phases 
with the heats of formation of the oxides, in terms 
of the following approximate thermodynamic ex¬ 
pression : 

- RT In K =* AH. (1) 

The reliability of the calculated temperature depends, 
therefore, on the closeness of AH'a for the formation 
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of oxides and silicates respectively, and on the pos¬ 
sible error involved in the use of equation (l). 1 

Adequate thermodynamic data on silicates are very 
sparse. There are, however, half u dozen cases yield¬ 
ing sufficient information (/) to make a comparison 
between the AH’s calculated from data on the heats 
of formation of silicates and of oxides respectively. 
The pertinent information is summarized in Table 1. 


have used, however, tends to obscure the magnitude of 
these deviations. An enlightening insight into the 
seriousness of these discrepancies can be obtained from 
the following considerations. 

From the data compiled by Brown and Patterson, it 
is possible to calculate temperatures for each of 16 
reactions of the type 

M + FeSiOa = M SiO a + Fe (2) 


TABLE 1 

('U Ml* All I SON OF API'S FUEL REACTION (2) CALCULATED FHUli llKATH UF FORMATION OF 
Militates and of Oxides Kespnctivbly 


Silicate 

Allf- A I Ifr■«!()„ 

Oxide 

AHf- ^ IIfrail 

Pry In. Mon 

AIbHIOb 

* 350.2 kml molt*- 1 

AliOa 

- 315.7 krai mole- 1 

— 34.5 krai mole 

TUHIOh 

- bo .3 

BaO 

- 08.7 

- 20.B 

CnHiOn 

- 104.4 

CrO 

- 87.4 

- 17.0 

(FpHIO.) 


(FeO) 



MgHlOa 

74.0 

MgO 

- 81.8 

7.8 

MnHIOa 

- 27. H 

MnO 

■ - 32.2 

4.4 

NligSlOa 

- 07.7 

NaiO 

- 35.2 

- 02 . n 


Even if we omit consideration of the case of Al, since 
there may be some doubt as to just how to correct the 
silicate data for the difference in valence states, it is 
apparent that differences from 4 to 60 kcal can be 
encountered. These deviations would have a profound 
effect on the calculated temperature, as will be indi¬ 
cated shortly. 

The method used by Brown and Patterson (£) to 
obtain 3,000° C as their estimate of the temperature 
depends on the validity of equation (1). They have 
recognized, as have all physical chemists, that im¬ 
plicit in the use of this equation is the assumption 
that entropy changes in the reactions considered are 
negligible. Practically no reliable data are available 
to examine this assumption in the present systems. 2 * * * * * 8 
In the absence of information on entropy ohanges, 
equation (1) can be relied upon only for large bH f a, 
especially when the reactions considered occur at ele¬ 
vated temperatures; yet Brown and Patterson find 
agreement with a temperature of 3,000° only for data 
with small value* of &2T, os is apparent from their 
figure 3 ( 2 ). The me$6d of presentation which they 

1 Th« propriety of using thermodynamic data obtained ut 

temperatures near 300" K to draw conclusion* about proc¬ 

esses which occurred at temperatures from 10 to perhaps 30 

times greater also requires critical comment. This aspect 

of their computations Is not clearly dealt with by Brown 

and Patterson; nevertheless, it will not be pursued further 

in the present communication, 

8 K, K. Kelley <J) has reported standard entropy values of 
IS,2 and 21,8 cal mole -1 deg -1 for MgBlOa and MuHlOs re¬ 
spectively, nt SOB" K. Thus a aB of 5 entropy units occurs 
In at k* at one known case. Even at 3,000*. the additional 
uncertainty dne to the neglect of AS thus becomes nt least 
JB heal. 


if one uses equation (1) and the oxide All’s. It is 
a significant coincidence that, on the whole, the higher 
the AH the higher the temperature (see Table 2) ; 


TAHI/E 2 

Tmmi'Ehatdbkm Fali tlatep from Heats of 
Reaction ron Oxidkn 


AH 

Ural/ 

mole O utoin 

T 

“K 

AH 

kcftl/ 

mnlf* O utom 

T 
" K 

4.1 

1,580 

7.8 

3,320 

ID.3 

(1,450 

- 8.2 

2,700 

23.0 

2,050 

- 13.2 

4,050 

23.0 

2,020 

- 30.7 

5,000 

25.1 . 

2.900 

-48.7 

0,900 

an.3 

a ,4oo 



30.3 

4.B00 



4a.a 

5,200 



07.3 

4,200 

. 


78.3 

4,800 



Ro.a 

7,000 



in other words, 

the more 

nearly one 

approaches a 

region where equation (1) 

is likely to be reliable, the 


higher the calculated temperature. For the Cri reac¬ 
tion, with the highest AH, T becomes 7,606° K. Fur¬ 
thermore, if the silicate enthalpy data are used instead 
of the oxide data, T becomes 9,200° K in the calcium 
case. Since entropy data are lacking, the correct 
answer may be even higher. Even an exceedingly con¬ 
servative estimate for AS of only 1 cal mole 1 deg- 1 
makes a temperature in the neighborhood of 10,000° 
K highly plausible. In any event, one is forced to the 
conclusion that an estimate of 3,000° is based on the 
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leust reliable region of the data available, 3 and that 
the most justified use of equation (1) leads to con¬ 
siderably higher temperatures. 4 

Since there can be little doubt that the assumed 
temperature of equilibrium of 3,000° ig far too low, 
we can turn attention to the pressure calculation. The 
basin of the estimate of 10^ atm is the deviation be- 
tw*N*n zur Strussen’s experimental equilibrium eon- 
stunts and those calculated for the meteoritic matter. 
By assuming that temperature changes make no sig¬ 
nificant contribution, Brown and Patterson calculate 
Mint pressures of 10 n atm could produce the difference. 
This calculation is correct in principle if we grant the 
assumption that there is no significant difference be¬ 
tween zur Strnssen’s laboratory temperature of about 
],H00° K and that in the planet of origin of the mete¬ 
orites? However, it is quite dear from the preceding 
remarks that the temperature at which equilibrium 
was attained (if indeed the process is an equilibrium 
one) is substantially higher than J,B00°. Just how 
much higher it need be, to satisfy the fortyfold in¬ 
crease in equilibrium constant, cannot feally be Baid. 
We might use the van’t Hoff relation for the tempera¬ 
ture dependence of the equilibrium constant, but the 
necessary integration can be carried out only with the 
additional assumption that All does not change over 
a temperature interval of several thousand degrees, 
an assumption which hi most hazardous, particularly 
if we approach a temperature region where the metals 
begin to vaporize. 

The second argument which Brown and PaUerson in¬ 
troduce to justify the acceptance of a pressure factor 
is again highly questionable. In considering the re¬ 
action 

M + FeS = MS + Fe (3) 

they find, in contrast to* the silicates, no correlation 
between the equilibrium cousMint and &H. In pro¬ 
ceeding to explain this apparent anomaly, they point 
out that the heats of formation of metallic sulfides 
are considerably lower than those of the corresponding 
oxides. From this observation, they make the unwar¬ 
ranted conclusion that All for reaction (3) “ will be 

* The unreliability of dam In the recoil of small AH's 1 h 
shown forcefully by the negative absolute temperature (Bee 
Table 2) obtained for ft AH oT 4.1 Real. 

4 It should be pointed nut. In addition, that temperatures 
rnlculated from lnrge equilibrium constants, corresponding 
to- targe AH's, are more reliable than those calculated from 
hiii a 11 equilibrium omit an la, correspond Inff to small AH's, be¬ 
cause of the logarithmic nature of the function relating K 
mid T leee equation (1)]. Thus* for a K nenr 4 x 10® 
(Brown and Patternon'H highest value), a tenfold error (i.e. 
1.000%) in the equilibrium constant would produce on error 
of only 22% In the calculated Temperature. On the other 
blind, an error of rh little aft 50% in n K near 4 would pro¬ 
duce an error of 22% In the calculated temperature. Fur¬ 
thermore, for ft constant near % ft 80% discrepancy In K 
would Introduce an Infinitely large error In T. 


generally considerably smaller” than AH for a re¬ 
action of the type of (2). Such a conclusion is itself 
unjustified, because AH for either (2) or (3) measures 
a difference in heats of formation, so that if both MS 
and FeS have enthalpies of formation equally less 
than those of the corresponding oxides, All for reac¬ 
tion (3) would be the same as that for reaction (2). 
Actually, the two aH’b run very nearly parallel, as 
estimated from data in Tabic 6 of Brown and Patter¬ 
son. Jn four out of seven canes the difference is less 
than 5 kcal, in two less than 13 kcal, and only in one 
as high as 19 kcal. With the possible exception of tho 
single value of 19 kcuil, AH for reaction (3) is not 
‘‘generally . . . considerably smaller” thun that for 
(2). The differences are well within the most conserv¬ 
ative estimates of the unreliability of oxide data for 
estimating AH's of silicate reactions. 

It is true, however, that the absolute values of the 
All's for the sulfide reactions calculated for the lim¬ 
ited number of nffsterna considered by Brown and Pat¬ 
terson arc small, (between —12 and + 23 kcal), hut so 
htc the All's for the corresponding oxide systems 
(bedween -31 and -1-20 kcal). In fact, it should fol¬ 
low, since the best correlation between equilibrium con¬ 
stant h and AH's in the oxide system was obtained for 
small A IT’s, that the sulfide systems should also ahow T 
h definite correlation. Actually, as the authors point 
out, no significant correlation is evident. 

From the remarks which have been made above, in 
connection with the reliability of equation (1), it is 
not particularly surprising that the equilibrium con¬ 
stants for reaction (3) are not related to the All's; 
for this is nn excellent example of a case where equa¬ 
tion (1) cannot bo expected to be valid, Hinee the 
A IPs are small. Hence, the introduction of the pres¬ 
sure factor to explain the lack of correlation in the 
sulfide systems is definitely unwarranted, for the lack 
of correlation is exactly what one should expect when 
an equation is applied under conditions which do not 
fulfill the postulates used in its derivation. 

A similar procedure applied to any one of many 
common series of reactions produced in the laboratory 
under atmospheric pressure would lead one to the con¬ 
tradictory conclusion that pressures of many atmos¬ 
pheres had been used." 

Thus, it is apparent that the arguments proposed 
for the assumption of pressures near 10 B atm eanqot 

s Some t*on cop Mon of tho degree of unreliability of thin 
procedure may lie obtained from the following Information. 
The very precise data of Herbert C. Brown and hid immolate* 
(1947) on certain gas-phase equilibria have been analysed by 
a procedure essentially the same an that used by Brown and 
Patterson, In which entropies of reaction are neglected. Rep¬ 
resentative values of the temperatures calculated are: 
*-41,000, - 4,000, 2,000, 8,409, 4,000, and 7,100" K In all 
carpi. The actual temperature at which the experiments 
were carried oqt was 878“ K in all cases. 
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be main tinned. The meaner evidence which might be 
used fur a qualitative estimate of the pressure points 
toward a much lower value. The figure of 1.5 x 10 5 
utm quoted by Brown and Patterson is based on an 
assumed equilibrium temperature of 2,000° K. From 
the considerations outlined above, it is apparent thaL 
the temperature figure should be very much higher, 
and hence the pressure values considerably lower, per¬ 
haps even near 1 atm. There is certainly no convinc¬ 
ing basis for u proposal of 10 n —l() a atm. On the con¬ 
trary, the evidence points toward pressures much too 
low to be “comparable to the internal pressures exist¬ 
ing within Mars.” 

Thus, even if we grmil (for the purposes of the 
present discussion) the questionable assumptions on 
the basis of which the computations have been made, 
we come to the conclusion that the more reliable of 
the data presented lead to temperatures far higher 
than the 3,000° reported by Brown and Patterson. 
Furthermore, their estimate of a pressure of 10 fi -10 fl 
atm, calculated from hij assumed temperature of 
2,000° instead of 3,000°, cannot be maintained; for, 
us has been pointed out, the temperature calculations 
of greatest significance lead to values about five 


times higher than the assumed 2,000°; consequently, 
the pressures must be far below 10 v1 a tin, and a figure 
ns low as 1 atm is entirely consistent with the avail¬ 
able data. 

Since the temperature and pressure values reported 
by Brown and Patterson are at variance with those ob¬ 
tained from a careful, critical analysis of the same 
basic data, any conclusions of cosmological significance 
drawn from their figures can hardly be proposed as 
compelling, let alone “irrefutable.” While the hy¬ 
pothesis of a single planet of origin for meteorites 
may be an attractive one (.5), as indeed its popularity 
for almost a century (4) testifies, there is ns yet no 
thermodynamic basis for justifying this assumption. 
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The Composition of Meteoritic Matter 
and the Origin of Meteorites 


Harrison Brown 

Institute for Nuclear Studies , University of Chicago 

Professor Klotz (G), in bin interesting and vigorous 
discussion of the chemical interpretation by Patterson 
and the writer (2) of the composition of meteoritic 
matter, has undertaken an analysis of the possibilities 
of determining the temperatures within the planet 
from which meteorites may have had their origin. It 
is unfortunate that Professor Klotz' discussion evi¬ 
dences misinterpretation of the intent of our survey, 
of the methods used by us in arriving at our conclu¬ 
sions, of the validity of the data accumulated, and of 
the relative stress placed by us upon the various 
points in our argument. Each of these items deserves 
further comment. 

In our investigations an effort was made primarily 
to see whether or not some sort of chemical order 
might exist in a field of inquiry where heretofore little 
order has been found. Our work was stimulated by 
the hope that, should indications of order become ap¬ 
parent, paths might be opened for fruitful and in¬ 


formative meteoritic research guided by sound chemi¬ 
cal principles. 

The sources of information utilized in our investi¬ 
gations of meteoritic relationships were varied, in¬ 
cluding notably: 

(1) The variation of the nickel content in the metal 
phase of stony meteorites with the metal phase con¬ 
tent and the relationships between the metal phase of 
stony meteorites and iron meteorites. 

(2) The variation of the distribution coefficient of 
nickel between metal and silicate phases as a function 
of metal phase content. 

(3) The dependence of the distribution coefficients 
of various elements between the silicate and metal 
phases upon, the enthslpy change of the general reac¬ 
tion M + FeSiOjj ^ MSiO fl + Fe or M + FeO**MO 
+ Fe. 

(4) The major differences existing between the me- 
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teoiitio distribution coefficients of nickel between sili¬ 
cate, metal, and sulfide phases compared with those 
measured in the laboratory. 

(5) The composition of the silicate phase of stony 
meteorites with respect to eight constituents us a func¬ 
tion of metal phase content, and comparison with the 
composition of plateau basalt and igneous rock. 

(6) The ratio of combined iron to metallic iron 
as a function of metal phase content. 

(7) The atomic ratio of silicon to magnesium as n 
function of metal phase content. 

(8) Frequency distribution relationships for vari¬ 
ous elements in meteorites as compared with distribu¬ 
tions in igneous rocks. 

(9) The frequency distribution of the metal phase 
of stony meteorites. 

Given the various relationships mentioned above, the 
problem is to see whether any theory of meteorite 
origin is consistent with the data accumulated. We 
attempted to demonstrate that, from the chemical and 
geological points of view, the century-old planetary 
origin theory is quite consistent with the data avail¬ 
able, assuming internal planetary temperatures of the 
order of those existing within the earth. 

One of the more striking meteoritic regularities 
we stressed was the strong and surprisingly smooth 
dependence of the distribution coefficients beLween 
metal and silicute phases upon the affinities of the 
various elements for oxygen. In spite of the crudity 
of the available data, the necessary use of heats of 
formation of oxides rather than silicates, and the nec¬ 
essary ignoring of entropy and other corrections, this 
dependence is most marked, covering n range between 
platinum and magnesiwm of over 10 B . The dependence 
of the distribution coefficient upon All suggests that 
elements distributed themselves between meteoritic 
phases under conditions approaching equilibrium, the 
appreciable scattering about any smooth curve that 
might be drawn through the points resulting from a 
combination of possible effects, notably: (a) The cru¬ 
dity of distribution coefficient data; (b) entropy ef¬ 
fects; (c) change of AH with temperature; (d) pres¬ 
sure effects; (c) the use of oxide rather than silicate 
data, and (f) the necessary consideration of gross 
meteoritic matter instead of the stony and iron phases 
of individual meteorites. (See for example the strong 
dependence of the distribution coefficient of nickel 
upon the metal ph*se content in Fig. 2 in our paper 
in the Journal of Geology.) 

Nickel is the only element for which adequate data 
exists, for comparison of meteoritic distribution co¬ 
efficients with those observed in the laboratory. Zur 


8traasen measured the equilibrium Ni + FeSiO a ^ 
Ni8iO a + Fe at 1,840° K and found a value for the 
equilibrium constant of 7.25 x I0 -a , which is nearly 40 
times smaller than the corresponding value of 0,24 
observed in gross meteoritic material. One must ask: 
At the temperatures which one might expect to find in 
the interiors of the inner planets, can this major dif¬ 
ference be explained in a manner which is consistent 
with the other sources of evidence outlined above? 
The line of reasoning used by us was as follows: 

It seems probable that the temperature at the center 
of the earth is closer to 2,000° C than to 3,000° C (4), 
On the basis of considerations by ter Hoar and others 
(5) on the mechanism of planet formation, it would 
appear unreasonable to expect temperatures much 
higher thun this to exist in the interiors of any of the 
inner planets, In view of the relatively low menu 
temperatures to be expected for the silicate mantle of 
Che earth (of the order of 2,000°-3,0l)0° K) and even 
lower temperatures to be expected for the silicate 
mantle of the smaller planets, the major discrepancy 
existing between zur Strassen's measured equilibrium 
value and the observed meteoritic value appears to be 
difficult, to explain on a temperature increase basis 
alone. 

Prof, Klotz is apparently under the misconception 
that we estimated the temperature at which equilib¬ 
rium might have occurred purely on thermodynamic 
grounds, and then used that calculated temperature 
in order to estimate the presaure that would be re¬ 
quired in order to elevate zur Strassen’s observed 
equilibrium value to that value observed in gross mete¬ 
oritic matter. Actually, realizing that any estimate 
of temperature on thermodynamic grounds would be 
crude at best, we chose a reasonable temperature of 
an order of magnitude based upon two'limits: (a) 
the lower limit is set by the fact that the material must 
have been molten, and (b) on the basis of geophysical 
and astronomical evidence, the estimated internal tem¬ 
peratures within the earth may be used to sot an 
upper limit. 

Fortunately zur Straseen measured the nickel-iron 
silicate equilibrium at two temperatures, thus permit¬ 
ting one to estimate roughly whether or not, by 
increasing the temperature to a value which is reason¬ 
able from the geophysical point of view, an equilib¬ 
rium constant of the correct order of magnitude could 
be obtained. Actually, even assuming a substantial 
value for ACp for the system, the temperature re¬ 
quired becomes unreasonably high. 

We demonstrated that if on the other hand one 
maintained temperatures not much higher than those 
utilized by zur Strassen in his experiments (tempera¬ 
tures of reasonable order of magnitude from the geo- 
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physical and astronomical points of view)! the dis¬ 
crepancy could be explained on the basis of a pressure 
effect of the order of magnitude of 10 fl atmospheres 
acting upon the system. This one case would of 
course noL be important in itself, It is signi(leant to 
note, however, that in the only other case where com¬ 
parison of meteoritic data with laboratory experiment 
is possible! namely, the distribution of nickel between 
the metal and sulfide phases, a similar discrepancy 
exists which is even more difficult to explain on a tem¬ 
perature clinnge basis alone. 1 Indeed, it appears thaL 
the two effects together cannot be explained on a tem¬ 
perature change basis alone. Yet, hk in the case of the 
silicate equilibrium, the assumption of a pressure effect 
of the order of .10 s atmospheres is sufficient to decrease 
/nr StrasHen’s measured value to the observed rnete- 
orilic value. The nickel distribution between sulfide 
mid metal (on which Prof. Klotz did not comment) 
is all the more significant because tin 1 discrepancy is in 
n direction opposite to the silicate case, and the molar 
volume change of the reaction is also of opposite sign. 
Thus the pressure effect estimated from the sulfide 
case is ncurly identical to that estimated from the 
silicate case. In the silicate case one might conceiv¬ 
ably rationalize the data by limiting rather drnsLic as¬ 
sumptions us to temperature and ACp. But to do so 
in the nickel-sulfide case becomes difficult in the ex¬ 
treme. 

It nniHt be emphasized at this point that nickel dis¬ 
tributions in meteorites do not constitute the only 
source of evidence lor a pressure effect. There are 
several regularities, among them, the combined iron 
to metallic iron ratio, and the silicon to magnesium 
ratio, both as a function of metal phase content, 
which can be understood if one assumes a pressure ef¬ 
fect, but which ure difficult to understand if it is as¬ 
sumed that meteorites were formed in the absence of 
a gravitational field of substantial order of magnitude. 

Concerning Prof. Klotz' objection to our estimate 
of temperature by means of the demonstrated increase 
of distribution coefficient with increasing enthalpy 
change in the reaction M + FeO *=* MO + Fe, it must 
be repeated that no effort was made to determine the 
precise temperature of. the presumed parent body. 
Indeed, how can one determine the precise tempera¬ 
ture of a body which may vary in temperature from 
a few hundred degrees at its surface to perhaps a few 
thousand degrees in its interior? Rather, it was our 
intention to see whether the order of magnitude of the 
temperature indicated by the gross meteoritic distri- 

1 V, M. Goldschmidt (3) wan the first to recognize that 
the nickel content of trolllte Is In reality quite low 
i-—0.1%), previously determined high values were ob¬ 
tained probably due to contamination of tbe trolllte by 
wbrelbersite. 


bution data is consistent with the order of magnitude 
of temperatures generally believed to exist in the 
interiors of the inner planets, among them the earth, 
assuming the various contributions to AF to be statist 
tically distributed. 

In Fig. 3 in our paper in the Journal of Geology 
we plotted the various distribution coefficients against 
the enthalpy changes. Weighting each point according 
to our evaluation of the experimental precision of the 
distribution coefficients, we estimated the most reason¬ 
able slope to be one yielding a temperature of about 
3,000° C, stressing that 11 the crudity of such an esti¬ 
mate cannot be over-emphasized.” Unfortunately, we 
did not discusK the method by which we weighted the 
precisions of the points, believing it to be obvious to 
anyone reasonably familiar with the difficulties in¬ 
volved in meteorite analysis. 

Prof. Klotz has attacked this estimate essentially on 
the grounds that the greater the enthalpy change, the 
less important become the other contributions to the 
free energy change. He suggests that, if one is to 
estimate temperatures, considerably more weight 
should he placed upon those cases possessing large 
enthalpy changes (negative or positive). 

This would be correct were it not for un important 
fact completely ignored by Prof. Klotz; Very large 
uiul very small distribution coefficients between mete¬ 
oritic phases are difficult to determine, the errors be¬ 
ing such that large coefficients as determined are usu¬ 
ally too low, and the low coefficients arc usually too 
high, by as much as several orders of magnitude. The 
reasons for this are twofold. First, it is exceedingly 
difficult to obtain either the metal or the silicate phase 
in pure form. The metal phase in particular is diffi¬ 
cult to obtain completely free of silicate. Second, 
most meteorite constituents exist in exceedingly small 
abundance. In such cases, if the distribution coef¬ 
ficient is either very large or very small, the analytical 
problems become almost insurmountable. As the re¬ 
sult of these considerations, the distribution coefficients 
for those elements possessing high coefficients must be 
considered lower limits; the distribution coefficients 
for those elements possessing low coefficients must be 
Considered upper limits. Taking into account the ob¬ 
jection to drawing a slope through points possessing 
low AH values, the best slope that one can draw in 
nil fairness.to the data is one yielding a temperature 
of the order of 3,000° C. It was our intention to 
point out only that this is of a reasonable order of 
magnitude and is consistent with the other points of 
our argument. 

Meteoritic data in their present form are both too 
crude and too sparse to permit the development of a 
quantitative proof on ehemioal grounds alone of the 
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relationships between meteoritic matter and the earth. 
In particular, one cannot base conclusions (either pro 
or con) concerning the planetary origin hypothesis on 
the basis of an isolated consideration, such as Prof. 
Klotz lias attempted. If this were possible, the plane¬ 
tary origin theory would long ago have been com¬ 
pletely discounted on the very real and serious astro¬ 
nomical ground that it is difficult to understand how 
a single body in our solar system could hnve been 
shattered into pieces of meteorite dimensions. Rather, 
the field of meteorities is like a complicated mosaic in 
which the various component parts must be pieced to¬ 
gether into a reasonable pattern, and then examined 


for consistency. We found that on the basis of ex¬ 
isting data, from the chemical point of view the plane¬ 
tary origin hypothesis is consistent, as distinct from 
other hypotheses we examined in the same light. 

Much chemical data must be accumulated before one 
can any definitely that meteorites did or did not have 
their origin in a planet. It is difficult (o believe that, 
on the basis of existing data, the hypothesis chd be 
refuted. However, with the development of new meth¬ 
ods for studying meteorites (I), the time should not 
be too far distant when precise distribution coefficients 
are available together with adequate information on 
distribution coefficients as a function of temperature. 
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An Alternative Method for the 
Culture of Sciara Larvae 

Joan D. Bach ai d O. L. Spooler 1 
Diviiion of Botany, 

Univeriity of California , Lot Angela i 

In tho course of n study of chromosomes with the elec¬ 
tron microscopt* it became advisable to have in the labo¬ 
ratory sturk eulhires of the ao called fungus gnat, genus 
Sciara. CeiLnin features of the salivary gland of the 
larva of this insect mode its culture desirable for tliiw 
work. The following method of culture developed in mir 
laboratory seemed to be Homewhat more satisfactory than 
that which had previously been described ( 1 ). In the 
earlier method the food supply was largely powdered 
dry yeast and powdered dry mushrooms, whereas ill this 
method it is a living fungus. 

The first step in the procedure is to initiate tho growth 
of the fungus culture. Tho customary half-pint milk 
bottles were Blind to a depth of about 11" with Nnbour- 
aud’s media. After autoclaving, the media was slanted 
before cooling to provide more surface for the fungal 
growth which served us food for the developing larvae. 
The agar surface was then streaked with the fungus mu- 
teriul. Bure cultures 8 of the genera llaploxporanyia, 
Allesehcria, and Chactotionidia were used. All of them 
provided u satisfactory nutrition for the Seiara cultures, 
hut somewhat bettor success was obtained with tho 
Chaetovanidia. 

The fungus was allowed to grow several days before 
the Sciara flics were introduced. By the timo tho larvae 
appeared, usually about 7 days after the flies were intro¬ 
duced, the fungus had formed a luxuriant mat over the 
media surface. Apparently most of the feeding is done 
in the larval stage, for the larvae feed voraciously on the 
fungus, which then begins to disappear. The growth of 
the fungus is adequate to provide food throughout the 
larval stage. The life cycle of the Soiara flies occupies 
about a month, the egg stage taking 5-6 days; larva, 
14—15 days; pupa, 3-4 days; adult, 5-B days. A now 
fungus culture is necessary for each new generation of 
flies, and therefore the fungus culture must also be main¬ 
tained in stock on the Sahouraud media. 

The Sciara cultures can be kept in the laboratory at 
ordinary room temperatures provided the temperature 
does not riBo above about 29° C, sinco it is known that ft 
higher temperature is lethal If maintained for more than 
a short time (J). The larval stage is particularly sensi- 

l The technical nsslatance ot Mr. Sam H. Slone Is grnti>- 
fully acknowledged. 

■The Initial fungus cultures were kindly provided by Prof. 
O. A_ Plunkett, Division of Botany, University of California. 
Los Angelos. 


live to heat, and if it is con void cut, tho culture*) should 
bn kept in an incubator at 22 D — ' 24 ° C. 

The advantages which this method seems to offer over 
the previous one are: (1) a greater biological constancy 
in the nature of the food supply, (2) elimination of the 
necessity of repented periodic feedings during the larval 
stage and (3) greater ease in maintaining an adequate 
moisture supply. 
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Discontinuities in Properties of Water 
as a Function of Temperature 

George Antonoff and Robert J, Conan 
33 Tier Street, New York City 

It wilt) shown by the author long ago (7) that a plot 
of the densities of ninny liquids vh. temperature gives n 
curve that is not smooth, but exhibits inflection points, 
or kinks, at some intervals. This can be shown to be 
true for nny liquid for which then* exist accurate ex¬ 
periment!)] data. But water seemed an exception since 
the temperature-density curve is perfectly smooth ac¬ 
cording to figiiTcN given in tables used at the present 
time. 

These kinks are often ignored, one reason lning that, 
they ure not predictable on the bn sis of current theories. 
Another is that the previous experimentalists were not 
aware of them and performed the measurements of densi¬ 
ties at regular intervals of temperature. But the kiuks, 
or places of deviation from the smooth path, frequently 
fall between the observed points, and thus remain un¬ 
noticed. Some may attribute these effects to conditions 
which cause experimental errors of more or less syste¬ 
matic. diameter. This view, in the light of tho present 
data, seems absurd. 

It would not be easy to repeat the work of Ramsey 
and Sydney Young (,i) for this requires complicated ap¬ 
paratus and takes much time. But there is an easy 
method of demonstrating these phenomena at moderate 
temperatures (jff). The density of propyl alcohol, which 
had been purifled by tho procedure of Sidney Young, 
was determined iu a pycnometer at various temperatures 
between 20° and S0 D C. Tho curve so obtained showed 
a kink in the same place as it had appeared in tho data 
of Sidney Young. Other liquids also show kinks in this 
region of temperature, e.g. bensene at 45° 0. The tem¬ 
perature was carefully regulated during these experi¬ 
ments, and, by weighing a 25-ce pycnometer, the denedty 
can be determined to five decimal places. But this is not 
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needed since the third decimal in sufficient to demonstrate 
the kinks. If the curve is plotted on graph paper in such 
a way that a fraction of a millimeter represents the 
fourth decimal place, the experimental errors arc not 
seen at nil. Any deviations from the smooth path must 
he due to intrinsic causes. 

Of all substances known to the author water seemed 
an exception in that it alone seemed free of these dis¬ 
continuities. However, experiments performed recently 



by the co-author show that this is not true, and that 
kinks are easily noticed in the donsity-temperattire curve 
for ordinary distilled water. A 25-cc pycnometer wan 



Fn;. 2. 


used in these measurements, and densities determined for 
tho range of temperatures from 47 “ to 53° C in a thermo¬ 
stat regulated to .002° C. There is a smooth stretch of 
the curve between 47° and 60° and another between 50* 
and G3°. These intersect just a little above 50° C, giving 
a well defined kink (see Fig. 1). Below 47 another 
smooth stretch of the curve begins, which is not shown 
on the drawing. Fig. 2 was drawn from the data given 
in the Smithsonian Tables. As may be seen, the graph 
is perfectly smooth with only a slight curvature. 

There can be no doubt that the experimental results 
were smoothed by applying the generally accepted rules 


for drawing a representative curve amidst erratic points 
due to experimental errors. In this case, however, it is 
not legitimate to do so because, as explained, the effect is 
well above the limits of experimental errors, and, on a 
drawing of the Bcnle shown, the errors do not appear. 

This is not the only case in which the figures given in 
tables are adulterated. There are some instances, espe¬ 
cially in the study of liquids, in which tho entire experi¬ 
mental work ought to be done nfresh. 
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A Study of Gastric HCI Formation 1 

W. B. Patterson and D«Witi Scetten, Jr , 2 

Department of Biological Chemistry, 

Harvard Medical School 

The mechanism whereby parietal cells secrete HCI 
against a concentration gradient has previously been in¬ 
vestigated in preparations of isolated gastric mucosa 
(6-10). In the present study a modification of earlier 
apparatus lias been introduced to permit simple con¬ 
tinuous measurement of pH difference across the wall 
of the isolated stomach of the rat. The experimental 
procedure entailed the opening of the abdominal wall 
under barbiturate anesthesia and the injection, into the 
exposed stomach, of chilled phosphate buffer at pH 7.4. 
The entire stomach was then removed, opened along the 
lesser curvature, and rinsed with several changes of the 
solution with which the apparatus was to be filled. Tho 
rugated portion of the stomach was so clamped between 
the smoothly ground faces of two half-cells (Fig. 1) that 
it served as a membrane separating the apparatus into 
two compartments. Ten ml of solution (see below) was 
then pipetted into each half-cell and a glass electrode 
immersed on each side. O f saturated with wifcer vapor 
was bubbled through both sides to effect oxygenation as 
well as mixing. The potential difference generated be¬ 
tween the two glass electrodes was read on a Beckman 
pH meter (Model H). More stable readings were ob¬ 
tained when tho cell was placed in a grounded metal box 
and the housing of the meter was grounded. It was 
repeatedly observed that the pH difference, as computed 
from the total potential difference, and as calculated 
from individual determinations of pH on both sides of 
the membrane, agreed within 0.2 pH unit. With the 
development of a pH difference, it was invariably found 
that the solution in contact with the mucosal surface be¬ 
came acid and simultaneously the solution in the serosal 
compartment became alkaline. 

In every experiment the,solutions introduced on both 
sides of the membrane were initially identical, and when 

1 Supported In part by the Office of Naval Research. 

9 Present address: The Public Health Research Institute of 
The City of New York, Inc M Foot of Bast 10th Street, New 
York 0, New York. 
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agents wore added in tlie nourue of an experiment, simi- 
Iat additions were made to both compartments. The 
standard solution employed whs a modified, lightly buf¬ 
fered Kreh's solution (14) in which the concentration 



A Gas Inlet 
B Glait Electrode 
Beckman 4990 
C Rat Stomach 
D Rubber Gaskets 
E Pinch Clamp 
A.H.TGo. 3241 Size 28 


Fin. 1. Cell tor the continuous iiieHNiimueiit of pH 
difference across gastric wall. 


of phosphate was reduced to approximately physiological 
levels (942 ml of 0.9% Nad: 38 ml of 1.115% KC1; 10 
ml of 1.18% MgHO,; 13 ml of isotonic phosphate buffer 
at pH 7.4; 2 gm glucose). Under these conditions, the 
observed potential difference increased over a period of 
3 to 0 hrs from an initial value of approximately zero to 
a value of about 250 mv, corresponding to a pH differ¬ 
ence of about 4 units (Curve A, Fig, 2). Failure of 
development of a potential difference usually proved to 
be duo to perforations in the membrane, 

Successive elimination of the various ionic constituents 
from tlio medium revealed that acid production proceeded 
nearly as well in a medium of 0.9% NaCl solution as in 
the more complex media. In fact,, in u medium con¬ 
taining only 5% glucose and no added salts, acid pro¬ 
duction proceeded actively for about one hour. It was 
further found that thp< presence or absence of glucose 
in the standard medium had no effect upon the capacity 
to generate acid, u finding which is attributed to the 
presence of intracellular nutrient adequate for the dura¬ 
tion of the experiment. 

In accord with observations of others (7, 9), contin¬ 
uous oxygenation of the fluid in the mucosal compartment 
was found to be essential to prolonged add production. 
Interruption of the stream of 0* or its replacement by 
N, (Curve B, Fig. B), resulted in a decrease in the rate 
of acid secretion, although characteristically this decrease 
was not marked until 10 or 20 min of anoxia had elapsed, 


Reoxygenation after a period of 40 to 60 min of anoxia 
resulted in a limited degree of resumption of acid forma¬ 
tion. Here again a short time lag was noted. 

In agreement with reports in the literature (IS), a. 
high degree of inhibition of gastric acid formation wns 
obtained with cyanide (0.0003 M) (Uurve C, Fig. 2), 
fluoride (0.01 M), atsenitc (ft. 001 M), and io do acetate 
(0.003 M). In addition, tctrnmethyl p-phenylenediamine, 
reported to inhibit pyridine nucleotide systems (I«), was 
found to poison in 0.002 M concentration. Histamine 
(0.005 M) gave an inconstant stimulation of acid pro¬ 
duction, while Benadryl (0.004 M), mnlonate (0.01 M), 
and plilorhidzin (Maturated solution) were without demon¬ 
strable effect. 

To account for the above experimental results as well 
us many observations by others, a hypothesis is offered 
for the mechanism of gastric HC1 formation. Consider¬ 
ation bus lieen given to the following additional and 
pertinent facta: carbonic anhydnise (2, 3) and niacin 
containing eoenzvme (.7) ate abundantly present in the 



Fio, 2, Tliw development of pll difference hcions 
the rat gastric wall, Curve A. standard preparation : 
Curve P, On replaced Ijy Na during Interval x - x ; Curve 
C, KCN (0.0003 M) added hi *. 


parietal cells; niacin deficiency results in hypochlorhvdria 
(17) ] during periods of HC1 secretion the venous drain¬ 
age of the stomach is enriched with regard to NaIIOO H 
(5, 11) \ hu electrical potential difference between inert 
electrodes, wherein the mucosa is negative to the serosa 
in un external circuit, exists across the gastric wall (IS). 
Thus chemically and electrically, as well as histologically, 
the cells under consideration are clearly oriented, and it 
is suggested that this orientation Is a reflection of intra¬ 
cellular stratification of the several enzyme systems, in 
contrast to a condition in which the enzyme systems are 
well intermixed, The postulated arrangement of the en¬ 
zyme systems concerned Is roughly diagrammed in Fig. 3. 

The simplest picture that will account for the secretion 
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of HC1 against a concentration gradient is that, at the 
expense of energy derived from the oxidation of some 
carbohydrate intermediate, BH aj a local high concentra¬ 
tion of hydrogen ions develops at some point, close to the 
gastric lumen. Thence, by diffusion, HC1 outers the 
gastric juice. An obvious nnd abundant source of hy¬ 
drogen ions is the oxidation of RlT/by a pyridine nucleo¬ 
tide coenzyme (cf, Fig. 3). The assignment of the site 
of reversible hydrogenation of pyridine nucleotide to the 
ortho double bond of pyridine is in fnrt based upon the 



Flu. 3. Postulated n I ratification or enzymes in 
parietal cell and mechanism of HC1 formation, 

appearance of an extra mol of acid during its reduction 
(12, IS) f and we offer the postulate that this reaction 
is the actual source of the hydrogen ions in the present 
process. Adjacent to the pyridine nucleotide enzyme sys¬ 
tem, flnvoprotoin, cytochromes, and cytochrome oxidase 
may be pictured as lying in successive strata, with cur 
honic anhydrase intervening between the cytochrome oxi¬ 
dase and the vascular border of the cell. The hydrogen 
atoms which accumulate on the pyridine nucleotide as il 
is reduced by RH B can then lie passed on to the adjacent 
flnvoprotein, which can ae^ve as a reductant of the neigh 
boring cytochromes. Utilizing electrons supplied to it by 
cytochrome J cytochrome oxidaso can now catalyze the 
formation of hydroxyl ions from gaseous 0 8 . Whereas 
in m less oriented system these hydroxyl ions nTe doubt 
less neutralized by hydrogen ions arising from the reduc¬ 
tion of pyridine nucleotide, in the present hypothesis this 
neutralization is precluded by the anatomical remoteness 
of the two processes; instead, the accumulating hydroxyl 
ions are u detoxified M liy reaction with CO B in the pres¬ 
ence of carbonic anhydrase. The HCO,, - thus formed dif 
fuses into the blood stream as NhH(!(), h Note that in 
this pleture Na+ and Cl“ do not participate but merely 
passively accompany the other ions in their diffusions (4),- 
The present hypothesis accounts for the obligatory 
aerobic nature of the process of HC1 formation, the 
dependence of the prpgess upon dietary niacin, and the 
difference in electrical potential across the secreting 
gastric wall. It assumes stoichiometrical equivalence of 
the HOI secreted into the luznen and NaHCO„ discharged 
into the venous blood, an equivalence recently demon¬ 


strated experimentally by Davies (J), and it permits 
the Qimi to exceed the Qn z by a factor of as much as 
100%, which is also in accord with observations of this 
author. These relationships become apparent if one con¬ 
siders the over all balanced expression for the sum of the 
several reactions postulated in Fig. 3: 

2 RH, + O a +200, -> 2R + 2H+ + 2HOO :j 

4 — —¥ 

The hypothesis finds further support In the observed high 
concentrations of pyridine nucleotide and carlnmic nn- 
hydruse in the pariotal cells. No novel reactions have 
been postulated, but rather some degree of lamination of 
well known enzymes, resulting in a separation of hydro¬ 
gen ions known to arise from the reduction of pyridine 
nucleotide and hydroxyl ions which arise from the re¬ 
action of reduced cytochrome oxidase with oxygen. 

Histochemical attempts to demonstrate the postulated 
stratification of enzymes have thus far not succeeded, nor 
have attempts to assemble synthetic acid-secreting mem¬ 
branes along the lines of the foregoing hypothesis. The 
identity of the hydrogen donor, HIT*, is at present un¬ 
determined, but it may be pointed out that any or all 
substrates susceptible of oxidation by pyridine nucleotide 
could satisfy the requirements of the present hypothesis. 

Thus, ft hypothesis for gastric HOI formation is offered, 
predicated upon two basic assumptions: that the H ions 
of the gastric juice arise from the reduction of pyridine 
nucleotide; and that the enzymes of the oxidation-reduc¬ 
tion systems in the parietal cell are arranged in succes¬ 
sive strata. The hypothesis which follows from these 
assumptions appears to be in accord with all pertinent 
factN relating to gastric HC1 formation, 
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Deposition and Simultaneous Concentration 
of Dilute Solutions in Paper Partition 
Chromatography 

Karl F. Urbach 
Department of Pharma-ology, 

Northwestern University Medical School, Chicago 

Tn adapting partition chromatography to the* identifi¬ 
cation of histamine in extracts of biological materials, it 
liccaiiie evident that the deposition of the customary 0,01 
to ti. I ml volume of fluid to the paper strips would not 
provide adequate amounts of histamine. The concentra¬ 
tions of histamine encountered were too low relative to 
the sensitivity of the color reaction employed us indicator 



Pm. 1. 


on the developed chroroutogrum. Therefore, It became 
necessary to deposit thfr entire final extracts, consisting 
of ml of butanol, without allowing excessive spread- 
big of the solvent on the strips. 

Various procedures were tried, such ns application of 
the solutions from very fine capillaries, pipettes plugged 
with cotton, and pipettes with sintered glass tips with 
Rnd without simultaneous drying of the solvent with heat 
nnd by air blast. Binee uniform delivery could not be 
obtained by any of these methods, the following pro¬ 
cedure was finally chosen as most satisfactory, 

'Hie paper strips, cut to the proper length and marked 
flt the point of application, are stretched horizontally 


above a lint plate. Doth ends of the strips are weighted 
by means of window display hooks. Capillary pipettes 
are brought into contact with the application points 
marked on the strips. The pipettes arc inserted through 
holes in a rack and held by means of rubber sleeves cut 
from pressure tubing (Fig. 1), The solutions to be 


9 MM TUBING 


W 


34 GAGE WIRE 
CAPILLARY 


Fjg, 2. 


applied to the paper strips are transferred to the pipettes 
when the temperature at the level of the strips has 
reached the desired point. For our particular purpose, 
the pipettes are constructed of 9-mm J’yrex tubing, ap¬ 
proximately 20 cm long. To one end an 8-mm length of 
eaplllary tubing is fused. The boro of the capillary is 
of such caliber that it will just admit a 10-12-mm length 
of 24-gsge stainless steel or platinum wiro (Fig. 2).* 
With this arrangement, approximately 1 ml/hr of butanol 
In delivered to and evaporated from the strips at a tem¬ 
perature of 60-70“. The assembly shown in Fig. 1 al¬ 
lows the simultaneous application of solutions to 14 strips 
with a minimum of attention. The wet spots on the 
strips spread no mure than 2-^3 cm at any time. The 
rate of delivery can be decreased by making the capillary 
longer or by using less liquid in the wide part of the 
pipette. Afyer use, the wires are removed from the 
capillaries by pushing them out with a glass rod inserted 
through the 9-mm tubing, and the pipettes cleaned by 
letting them stand in alkaline cleaning solution, 

Other organic solvents, such as ether, acetone, alcohol, 
dioxane, etc., .can be applied in a similar manner, Aque- 

1 The pipettes were kindly suggested and made by J. J. 
8van, Department of Chemistry, Northwestern University 
Dental School, 
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oua solutions tend to spread excessively on the pnper. 
Solutions containing even weak hydrochloric or sulfuric 
acid char a variety of the papers tried, even at mod¬ 
erately elevated temperatures. The method may prove 
useful in other applications of partition chromatography 
where the concentration of the substance to be identified 
is low in relation to the sensitivity of the color or other 
indicator reactions. 

A Simple Device For Exposure of Groups 
of Mice to Uniform X-Ray Doses 1 

Alvin Haber 

Biological Laboratories , Brooklyn, 'Sew York 

In the course of experiments involving exposure of 
groups of mice to doses of X-rays 2 it Was necossury to 
utilize a holder which assured uniformity of exposure. 
Based on a metal "pie plate" device of Snyder (2, £), 
this device was constructed to minimize the possible 
errors in dosage due to reflection of X-rays and interfer¬ 
ence in passage through the metal screen cover. 

Circles of i "-thick plywood, 5j" and 7i" in diameter, 
were cut and enclosed in a 2" wide strip of }"-mesh wire 
hardware cloth, so that the wooden plaque was mounted 
in the middle of the wire cloth band. A cover of plastic 
screen mesh, ordinarily used in window screening, was 
made by stretching a piece of the plastic, mesh across an 
embroidery hoop of the proper diameter. (See Fig. 1,) 



Fig. 1. 


In such n device the X-rays do not pass through any 
metal before reaching the animals, thereby avoiding 
adulteration of the beam with secondary radiations. The 
plywood "floor" of the device is elevated 1" above the 
table; thus there is a minimum of back scatter. Twenty- 
four mice can be simultaneously irradiated in the 7\* 
tTay and ten to fourteen mice in the 5$" tray. 
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Infrared Spectrometry in Metabolic Studies 
With Deuterium-labeled Steroids 1 

Konrad Dobriner, Theodore H. KrUcheviky, David K. 
Fukushima, Seymour Lieberman, and Thomai F. Gallagher 
Sloan-Ketterhsg Institute for Cancer Research, 

New York City 

James D. Hardy 

Cornell University Medical College and Sloan-Kettering 
Institute for Cancer Research, Sew York City 

R. Norman Jones and G. Cilento 

The National Research Council of Canada , Ottawa 

Infrared spectrometry, which has been of the greatest 
utility for the detection, identification, and isolation of 
steroid metabolitieH excreted in urine (£, ,T, tf), has been 
extended to the identification of steroids with deuterium 
in the molecule. Changes in the infrared absorption 
spectra as a result of tbo replacement of hydrogen by 
deuterium were noted first by Hardy, Barker, and Den¬ 
nison (4) in 1032, The analysis of deuterium-containing 
organic compounds of biological interest by means of 
infrared spectrometry hnn since been described by Herget 
and Hardy (5). Our investigations have been concerned 
with tbo detection of h deuterium steroid in an extract 
containing a number of closely related compounds. One 
marked advantage of the spectroscopic technique, espe¬ 
cially in physiological studies, is that the material to be 
examined can be recovered without loss or alteration. It 
is thus possible to employ deuterium as a tracer where a 
pure compound can lie obtained only in limited amount, 

In Fig. 1 the spectrum of prognahol-3 (a) -oiie-20 is 
rompared with the spectrum of the same compound where 
a hydrogen atom at (Ml and at C-12 has been replaced 
by deuterium. Two absorption bands attributed to the 
C-D stretching vibrations appear at 2,105 and 2,145 cm- 1 
in the deuterium -Co ntabling compound. ly the neighbor¬ 
hood of 1,200 cm- 1 pronounced differences aje apparent 
In the two spectra. These latter differences can be As¬ 
cribed to the perturbing effect of the increased mass 
of the deuterium atoms on the molecular vibrations. In 
general, with an increase af tho number of deuterium 
atoms in a steroid there is a progressively greater change 
in the spectrum between 700 and 1,300 cm* 1 , as well as 
an increase in intensity of the bands at 2,165 and 2,145 
cm 1 , These observations are expected si^ce it has been 
shown that the spectrum in the region 700-1,300 cm- 1 is 
extremely sensitive tp pny change in structure (£). , 

The C-D absorption (hands izcjthc neighborhood of 2,150 
cm- 1 arc particularly useful ; for , identification of a 

deuterium-containing mqlecule^becauBe, in the concentra¬ 
tions used, thifr region is-transparent.in the absence of 

1 Aided by ^rmlts from tbe^Atarirtcfin Cancer BocletpJ (on 
riHKimmPTidatlon^f.thn'GovumUtyfygg Growth of the NuUpihM 
Research Council), Ayerat, McKenna and Harrison, Ltd,, the 
Jane Coffin Childs Memorial Fund for Medical Research, the 
Commonwealth Fund, the Anna Fuller Fund,' the LlUla Bah- 
hltt Hyde Foundation, the Albert and Mary Leaker Founda¬ 
tion, the National Cancer Institute of the National Institute 
of Health, U. B. Public Health Service (grants CB22 and 
C440) and the New York Foundation. 




March 11, 1949, Vol. 109 


SCIENCE 


261 


deuterium. For this reason increased amounts of the 
nonisotopic steroid in the sample do not interfere with 
the detection of deutorated molecules. Absorption in 
this region not only affords a positive indication of the 
presence of deuterium in the molecule but forms the 
basis for quantitative determination of the percentage 
excess of isotope in tho sample. The only effect of dilu¬ 
tion with a nonisotopic compound is to increase the total 
weight of the steroid which must be examined. As an 
illustration of the sensitivity of infrared analysis, the 
presence of deuterium could be established in as little 
ns 20 p,g of pregnan-11,12-d a -ol-3 (a)-one-20 containing 
five atoms percent excess of the istotope. This whs ac¬ 
complished with a microcell (1) of thickness of A ram 


fractions resulted in the separation of several crystalline 
compounds together with several amorphous fractions or 
mixtures. These are being investigated further, and the 
results will be reported in detail at another time. Never¬ 
theless, since certain fractions exhibited strong O P bands 
near 2,150 cm 1 while others either lacked these bands or 
had bands of a very low order of intensity, it was possible 
to locate rapidly the metabolites containing deuterium 
among the many substances excreted by a normal indi¬ 
vidual. It was further possible to establish the approxi¬ 
mate deuterium content of these metabolites. 

It is anticipated that metabolites of the steToid hor¬ 
mones will frequently be obtained in amounts so smnll 
that, without some prior knowledge of the approximate 



Fin. 1. Infra rrd absorption spectra of normal and deuterium steroids In CHu solution; upper curve— pregmt- 
nulnnc. in.p. lBO-lBl'/O; Ul "*+100.0" In mCl H : lower curve—prcjurnmi-ll ,12-d u nl-.M I a l-niio-20, m.p. 350-151 °/C; 
la] ■» =* i- l08.fi B In CHC1„. (J mm cell: concent ration 10 mg/ml.) Arrow Imllcntes C I> stretching hand. 


and a volume of 0.04 ml of carbon tetrachloride ns sol¬ 
vent. Changes in the spectrum were measured in both 
the 2,150 cm- 1 and 700-1,300 cm- 1 regions. The presence 
of a C-P bond in a series of different steroids has been 
established and using thicker raicrocqlls, evetv smaller 
quantities of substance suffice for estimation. 

The usefulness of this analytical method has been 
demonstrated in the following metabolic experiment. 
Allopreghan-5 f 6-dj-ol-3(0)-one-20-acctate was injected into 
a normal woman. After collecting the urine for 20 days, 
fractionation was effected by the procedures which have 
been described (£, d, 0). Feces collected during the ex¬ 
perimental period were studied in analogous fashion. An 
examination of the region of the spectrum in which the 
C-P stretching bands occur demonstrated that the isotope 
was present in both the crude a- and JJ-hydroxy ketonie 
fractions as well as in the a- and 0-hydroxy non-ketonic 
fractions from both urine and feces. No such bands 
were detected in the neutral nonke tonic- non alcoholic 
fraction. Chromatographic separation of these crude 


isotopic content, analysis by menus of the mass spec 
trometer would be either difficult or impossible. It ap¬ 
pears from these results that infrared spectrometry espe¬ 
cially in physiological investigations will be a valuable 
supplement in the detection, analysis, and idontifleation 
nf deuterium compounds. 
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The Use of Change in Capacity to Record 
Cardiac Volume in Human Subjects 1 

Williun V. whiuhorn and Edvard R. Perl 3 
Department of Physiology, 

University of Illinois College of Medicine , Chicago 

A completely satisfactory method of determining car¬ 
diac output ill man has not yet been devised. Tho dirert 
Fiek procedure and the various roiireiitnition methods, 
while theoretically sound, require considerable technical 
ability and facilities and arc not applicable in the average 
laboratory or clinic. The bullistocardiograph, having the 
udvantugc of technical si in pi i city, is open to criticism oil 
theoretical grounds and cannot be applied in situations 
where tachycardia or abnormal types of cardiac, ejection 
ore present. In n search for a method, both simple and 
widely applicable, We have begun investigations utilizing 
the change in capacitance of a condenser ns n means of 
recording the volume changes of the intact heart.; a 
method first used by Atzler :md Lehmann in 1932 (1). 

The condenser consists of two aluminum platcN 15 cm 
in diameter placed before mid behind the thomx so as to 
include the cardiac region in their field. The capacity 
of such n condenser is given approximately by: 

uliere C = cupacity ; A z: area of plates ; K = dielectric con¬ 
stant of the chest,; I) - distance between plates; and T- 
thickness of the chest (i). The dielectric value of the 
chest iN determined by the tissues and tissue fluids of the 
thoracic contents and hv the air in the lungs. Under 
the conditions of measurement used, the dielectric constant 
for blood bns been shown experimentally to be about 
1.75 ns compared with 1.00 for air. Varying amounts of 
blood in the field during the phases of the cardiac cycle 
thus change the dielectric value sufficiently to cause 
measurable changes in capacity. It should bo noted that 
blood in the auricles and great vessels well as in the 
ventricles contributes to these changes. Tn addition, 
movements of the heart will cause some change in capac¬ 
ity hy moving blood closer or farther from the condenser 
plates, and respiratory movements of the chest wall will, 
likewise, produce capacity -changes. 

Atzler and Lehmann (1) placed their condenser in a 
resonant circuit excited Ire nil oscillator near its reso¬ 
nant frequency and connected to a illode detector. Thus, 
changes in capacity which would shift the frequency of 

1 Preliminary reports covering llils work Were presented 
r\| the Fall Meeting of the American Physiological Society, 
Minneapolis, Minnesota, September 14 and IT, 1948. 

d The authors wish to acknowledge the assistance of Dr. 
Fred A. Hitchcock, Dr. Theodore Wang and Mr. George Jacobi 
during preliminary phases or this work conducted In the 
Laboratory of Aviation physiology am! Medicine, T1 h> Ohio 
Ntate University, Columbus. They are also Indebted to Mr. 
Craig Goodwin of the Department of PsychlAtry, University 
of Illinois College of Medicine, Chicago, for belpTul advice 
iiml the use of equipment In the course of thp Investigation. 


the resonant circuit from that of the oscillator caused 
a change in the output of the diode which was amplified 
rind recorded on a string galvanometer. A plot of output 
versus frequency for such a detector reveals a linear re 
Intionship over only n small region of the curve, resulting 
in difficulties of adjustment. To overcome these, we have 
used the frequency modulation discriminator to convert 
the changes in frequency to « mensurable form. This 
has the advantage of simple adjustment and linearity of 
response, and allows the use of a limiter circuit to pre¬ 
vent amplitude changes from affecting the output. 

The condenser is used as u portion of the frpqunncy- 
determining circuit of an oscillator, the output of which 
is amplified hy a broadband, high frequency amplifier and 
then by a pentode with low plate and screen voltages so 



FiU. 1. Hlock diagram of circuit for recording ca- 
imrlluncH changes accompanying the cardiac cycle. 


lliut limitation of output with freedom from amplitude 
changes is accomplished. The output is fed to the dis¬ 
criminator which converts tho changes in frequency to a 
d-c. voltage that linearly represents the capacitativc vari¬ 
ations. This voltage is then amplified by a push-pull, 
direct-coupled amplifier and applied to a string galva¬ 
nometer of tho usual eJr.g, type. Fig. 1 presents a block 
diagram of the apparatus. 

The choice of frequency is determined by^several con¬ 
siderations.- The chest is a poor dielectric substance and 
loss current as well as capacitative displacement current 
will be present. 

The derivation from Roberts and Yon Hippel (.?) 

shows tHht the power factoT (tan fi) = —; where 0 is 

d)K 

the conductivity of the medium, K is the dielectric con¬ 
stant and ca is the angular frequency. At low frequencies 
tan 6 is large and the loss current is maximised. At high 
frequencies not only are the power factor and loss cur¬ 
rent minimal, but a greater shift in frequency for a 
given change in capacity is present, with a resultant 
larger output, However, at ultrahigh frequencies absorp¬ 
tion of the oscillator's energy takes place. As a compro¬ 
mise, for simplicity of circuits, we have chosen a fre¬ 
quency of 10.7 megacycles. 

The apparatus is simple in adjustment and operation 
and gives consistent and reproducible records tn both 
model and human experiments. Representative "eurdlo- 
dlelectrograms 7 f of normal human subjects are pictured 
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Fiu. 2, Simultaneous rpcordlngH of phonomrdlngram (above) and (Upleetrnonrdlngrain (below) from normal hu¬ 
man subjects. Time Intervals are 0.4 eec. Ix»wnward dcfleetlnn lodlrnlee a decrease In the volume of Mood In the field. 


Fig. 2. Values for stroke volume^, cardiac output, and 
< nrdiac indices calculated from such records on the basis 
preliminary calibration of the instrument by introduc- 
•hm of known volumes of online between the plates, fall 
within the range of accepted normal values, but conclu- 
nIouh rh to validity of the method ore not yet possible. 
Finally, it is obvious that the method is basically ap¬ 


plicable to the study of movements and volume changes 
in other regions of the body. 
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Comments and 
Communications 


In Praise of Chisholm's "Social Responsibility" 


Dr. George Brock Chisholm’a article "Social Responsi¬ 
bility'' (Science, January 14, p. 27) merits more than 
the rather limited distribution afforded by Science. I 
am convinced there are many hundreds of intelligent non- 
scientists who would welcome these fundamental analyses 
of social phenomena that can lead to war. 

Naturally, I am considerably interested in any intelli¬ 
gent means of preventing further destructive wars. I 
saw the beginnings of World War I in Berlin and London* 
and, as an interned Japanese prisoner in Manila, person¬ 
ally felt the intensely evil effects of World War IT, 

Tt seems to me that there must be many other members 
of the A A AS who will share my belief that we should em¬ 
ploy every means possible to prevent a return to another 
medieval period in the world. Scientists have a stake 
in this matter, not alone in protecting their own interests 
but in upholding and buttressing the kind of social pat¬ 
tern suggested by Dr. Chisholm, which is a workable plan 
and which means their survival. 


2361 Washington Street 
San Francisco, California 


Rollin CL Mykhr 


Concerning the Nutritive Value of Breads 

In a recent publication (November 1948) entitled 
"Outlook for Bread and Flour Enrichment" (prepared 
by the Committee on Cereals, Food and Nutrition Board, 
National Research Council) the following reference is 
made to certain data reported in one of our publications 
((Juerr&nt and Fardig, J. Nutrition , 1947, 34, 523). 

"Using various forms of bread to the extent of 30 per¬ 
cent of the diets of young rats, these authors showed the 
following gains in weight during an 6-week feeding 
period: whole wheal bread, 82 grams; non-enriched 
bread, loss; enriched bread, 95 grams; dark bread, 15 
grams; milk bread, 20 grams. An important feature of 
these experiments is that they illustrate the importance 
of the non-bread components in the dietary in determin¬ 
ing the relative nutritional merits of the breads. The 
presence of 20 percent purified casein in all diets in¬ 
sured the presence of adequate protein for the high de¬ 
mand of young growing rats—much higher than those of 
slower growing human beings." 

Inasmuch as the foregoing statements have led to h 
misinterpretation of our data, a word of explanation is 
hereby presented. To this end it seems necessary - to 
point out again that the studies referred to above were 
concerned particularly with the various flours and breads 
made therefrom as sources of thiamine and riboflavin . 
This we attempted to make clear in the title and else¬ 
where in our publication. Since this point is not made 
clear in the report prepared by the Committee on Cereals, 
and certain pertinent details of our studies are not in¬ 


cluded, it is my desire at this time to emphasise that we 
regarded growth rates reported us indications of the 
relative thiamine and riboflavin content of the respective 
breads, and only in these respects are they a measure of 
the relative nutritive values of the breads. 

Department of Biochemistry, B ' ^ t7KRRAN ’ T 

The Pennsylvania State Collette 


The Structure-Action Relationships of the 
Choline Group 

In an interesting recent article (Science, 1948, 107, 
94) Pfeiffer has suggested that all the numerous drugs 
which possess parasympathetic stimulant action "con¬ 
tain a ketone oxygen group adjacent to an ether oxygen 
linkage with a methyl substituted nitrogen at a distance 
of two saturated carbon atoms," as in (I): 


-It- 


\ 


! - 
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CH. ['II, 

/ \ / \ / 
l / \ / \ / 

\ / \ / \./ (I) 

til, N 

y \ h . 

CH. 
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lie ussumen further that these three groups, carbonyl 
oxygen, ether oxygen, and N-methyl, are prosthetic 
groups and proceeds to calculate from models the intcr- 
prosthetic distances A and B. It may be noted in pass¬ 
ing that this is an unusual use of the term "prosthetic," 
which literally means * 1 something added in order to make 
up a deficiency" and has come to refer in immunology 
und enzymology to groups which must be added to (U 
inert molecule (usually protein) in order to render it 
physiologically active (e.g. antigenic or onzymically ac¬ 
tive) ; in this sense, the obvious prosthetic group of 
acetylcholine is the acotyl group which converts the rela¬ 
tively inert substance choline into the highly potent 
parasympathetic transmitter. It would seem more fit¬ 
ting to refer to the three groups as pharmacologically 
active or pharmacodynamic groups. But leaving aside 
such niceties of terminology, it would indeed be welcome 
if the complexities of the pharmacology of parasym¬ 
pathetic drugs could be seen to have an underlying basis 
as simple as Pfeiffer suggests. Unfortunately, his as¬ 
sumptions arc beset with difficulties, of which two may 
be briefly considered: (1) not all molecules containing 
the three groups disposed spatially as required show 
parasympathetic stimulant actions and (2) some molecules 
show such actions but do not contain all three groups. 

(1) Not all choline esters of carboxylic acids are para¬ 
sympathetic stimulants although they contain the three 
groups at the appropriate mean distances apart. The 
extraordinary potency of the acetic ester compared with 
that of its near homologues, such as the formic and 
propionic esters, Is well known, but higher homologues, 
e.g. the butyric and valeric esters, have scarcely any 
pars sympathomimetic activity (H. C. Chang and J. H. 
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Gaddura. J . Physiol,, 1933, 70, 255; H. Hunt and R. de 
M. Tavoau. Bull. No. 73, Hygienic Laboratory, U. S. 
Treasury, 3911) and, whon a phenyl nucleus is intro¬ 
duced, as in the benzoic, phenyl acetic esters, etc., the 
compounds appear to have purely nicotine-like properties 
(R. Hunt and R. rte M. Tnveau. Hull. No. 73, Hygienic 
Laboratory, U. 8. Treasury, 1911) ; the benzilic ester is 
atropine-like (II. B. lng,G, 8. Dawes, and I. Wajda. 
J. Pharmacol 1945, 85, 85). Similarly in the carbamic 
esters, alkyl substitution in the eurhumyl group leads to 
a sharp decline in parasympathetic stiniulunt actions 
which are completely absent in the plienvlcarliainic ester 
(M. B. Bonder, M. A. Spirtcs, and 1). B. Sprimson. J. 
Pharmacol., 1943, 77, 107) ; the dibntyl- and dinmyleuv- 
lumiic esters are atropine-like (K. (\ 8wan and N. (L 
White. Amor. J. Ophthal., 1944, 27, 933). 

Tt may be argued, Hnd probably with justice, that the 
emergence of atropine like properties in the benzilic and 
dilmtylcarbamic esters means that these esters have on 
affinity for parasympathetic endings but block the action 
of acetylcholine. There would appear to be a gradation 
of properties which pass through a stage when the esters 
have little or no affinity for parasympathetic endings and 
neither stimulate nor paralyze them; thus Swan and 
White (K, C. Swan and N. G. White. Amcr. J. OphthaL, 
1944, 27, 933) found in the dialkylearbamic caters of 
choline that the diethyl member was a weak miutie, the 
rli-M-propyl member inactive, and the dibutyl member w r ns 
mydriatic. Similarly, the lower fatty ueid esters of cho¬ 
line have stimulant, effects at parasympathetic endings; 
benzoic, plienylacetic esters, etc. have no action, uiul 
benzilic nnd tropic esters pnrulyze them. 

(2) The others of choline contain no carbonyl oxygen, 
but the simple alkyl ethers have well-established para¬ 
sympathomimetic properties; indeed Dale ( J. Pharmacol 
1914-15, 0, 147) noted that choline ethyl ether resembled 
muscarine more closely than it did acetylcholine in that its 
nicotine-like effects were less prominent; the ethyl ether of 
[1 methylcholine is even more like muscarine and is a 
powerful miotic. Finally, true parasympathomimetic 
effects, e.g. on the heart and blood pressure, are shown 
by alkyltrimethylammoilium salts which lack both the 
'■nrbonyl oxygen and the ether linkage (J. H. Burn and 
II. H. Dale. J. PharmaooL, 1014-15, 6, 417; R, Hunt. 
/. PharmaooL, 1920, 28, 307; K. Hunt and B. II. Renshaw. 
•A PharmaooL , 1025, 25, 315; 1020, 28, 307). 

It seems Clear therefore that although the carbonyl 
nx ygen, ether oxygen, and N-methyl group occur in many 
parasympathomimetic drug#, these groups arc not all in- 
dispeoaable and their presence in a molecule does not 
necessarily ensure parasympathetic stimulant action. 

One of the most interesting features of Pfeiffer's 
m'ticle is the prominence which is given to the spatial 
relations of the so-called prosthetic groups. There is 
indeed suggestive evidence that the actual molecular di¬ 
mensions of members of the clioline group have an im¬ 
portant influence on the potency of these drugs. Two 
dimensional factors appear to be important: (1) the 
aize of the il cationic head" of the molecule and (2) the 
length of the chain attached to it. + 

(1) The most active members all contain the NMe u - 


group as cationic head; there appears to be no exception 
to this rule. Successive replacement of methyl groups by 
either hydrogen or ethyl leads to a steep decline in para¬ 
sympathomimetic activities (Table 1). The replacement 


TABLE i 



MhIm A 1*0 ■ 

Cyi 4 X= J inol acetylcholine 

X 

t’al 'n blood 

Hrthbll 

Frog's 


pressure 

Intendin' 

heart 

-NMh, 

1 

1 

1 

- NMo a lI 

no 

> 40 

> 50 

NMcllj, 

> noo 

> 1,000 

> 500 

- Nil, 

> 2,000 

20,000 

40.0(H) 

NMe s El 

3 

2.5* 

2 

NMeEt. 

400 

700* 

1,500 

-NKl. 

> 2.0(H) 

1,700* 

> 10,000 

- l'Me,, 

13 

12 

12 

- Am Me,. 

nr; 

90 

83 


* TUchc figures refer to guinea |>lg Ileum. 

of one or more methyl groups by hydrogen (R. L. Stehlc, 
Iv. J. Melville, and F. K, Oldham. J. Pharmacol., 1036, 
66, 473) leads to relatively weak bases. The dissociation 
constants of these bases are not known, but they would 
not necessarily decrease in the order of successive replace¬ 
ment of methyl by hydrogen; nor if they did is it likoly 
that they would decrease sufficiently steeply to account 
for the progressive decline in activity. No doubt both 
the instability of the cations containing one or more hy¬ 
drogen atoms nnd the absence of methyl groups play their 
part in Liu* observed decline in activity. 

The successive replacement of methyl by ethyl groups 
does not produce so dramatic an effect until at least two 
mo thy 1 groups are replaced. 1 Tho high activity of the 
mono-ethyl member of the series is particularly interest¬ 
ing. A possible explanation of this observation will be 
discussed elsewhere. Tho replacement of three methyl 
groups by ethyl reduces tho muscarine activity of the 
cation to negligible proportions; this effect of the tri- 
etliylammonium group (and the similar effect of higher 
trinlkylammoiiium groups) has also boon observed in the 
analogous ethers (B. Hunt and B. R. Renshaw. J. PAar- 
waooL, 1920, 37, 309; 1933, 48 , 105), in betaine esters 
(B. Hunt and B. B. Renshaw. J. PharmaooL , 1933, 48 , 
305), in tetra-alkylainmonium salts (J. II. Burn and II. 
II. Dale. J. PharmaooL, 1914-15, 6, 417; K. Hunt. J. 
PharmaooL, 1026, 28 , 307; B. Hunt and B. B. Renshaw. 
J. Pharmacol. , 1025, 25 , 315), and in Bovct's acetal com¬ 
pounds (formula II; E. Fourneau, I), and F. Bovet, and 
G. Montezin. Bull. Soo. Chim. hioL, 1944, 26 , 134, 516). 

The replacement of the N-atom in acetylcholine by P 
or As (A. D. Welch and M. H. Roopke. J. Pharmacol 
1035, 55, 118) also increases the size of the cationic head 
of the molecule and leads to a decline in activity (Table 
1); this result is interesting because the three methyl 
groups and the high basicity are retained. The change 
will, of course, increase the At interprosthetio 1 r distances 
A and B in formula I, but only slightly. 

1 Thi published work by Mrs. P. Holton In this Laboratory. 
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(2) If parasympathetic drugs of the general type 

R-NMe a are considered, it will be found that the most 
active mem las r of any group of homuloguos will usually 
be the one containing a 5-utom chain (excluding hydro¬ 
gen atoms) in the group R. In the ostera, acetylcholine 
is much more active than either formyl- or propionyl- 
idiolim**; similarly N-alkylciirbumylaholincs are less ac¬ 
tive than carbamylcholine. Both the nitrous and the 
nitric esters of choline, which Dale (J. Pharmacol., J 014 — 
15, 0, 147) found to have considerable muscarine activity, 
contain 5-atom chains, but the higher and lower homo¬ 
logous lmve not been studied; the former compound was 
for many years culled ‘‘synthetic muscurijic. ” Fyruvyl- 
choline (H. (’. Chang and J. H. Oadduin. J. Physiol., 
1933, 79, 255), which contains a 6-atom chain, is moder¬ 
ately active, but its lower homologuu, glvoxylylcholine, 
has not been studied. The acetic esters of tormochoiine 

(HO * Off { ■ NMe a ) and yhdtnocholino (BO • <'H a tTH £ OH s 

NMuji) are both leas active than acetylcholine (R. Hunt 
and R. de M. Tavenu. Dull. No. 73, Hygienic Labora¬ 
tory, U. 8. Treasury, 1911). In choline ethers, the ethyl 
ether is more nctive than either tno methyl or propyl 
ethers (II. H. Dale. J. Pharmacol. f 1914—15, 6, 147). 

Similarly, in formocholino ethers, RO • CH a NMca, where 
it is CH„, C a H n , C a H 7 , or C 4 Hu, the most active member is 
the 7i-propyl ether (A. J. Ewins. Biochcm. J 1914, B, 
3G0). Bovct's compounds (TI) are interesting; tney 
should exist in 

O 

/ X CH. 

R*C& I . (II) 

\ *CH—CHa—NMe, 

V 

diustoreuisomcriv pairs, but, since the distance across the 
ring between the asterisked cnriton atoms will be only 
slightly less (about 8%) than that betweeu the a and y 
carbon atoms in a norqial chain, we can regard (II) when 
R is CHf, as the nearest approach to the 5-atom chain 
type; in fact, the compound in which’ll is CH B is mark¬ 
edly more active than the compounds in which R is H 
or C S I1 E (E. Fournoau, D, Dovet, F. Bovet, and G, Mon- 
tozin. Bull. Soc. Chita. bioL, 1944, 20, 134, 510). 

In the alkyltriinethylammonium scries, the n-amy] mem¬ 
ber was found by Raventos (^uart. J, exp. Physiol., 1937, 
27, D9) to be the most active on the frog's auricle; lower 
members were less active, and higher members inactive 
or antagonistic. 

There appear to be very few exceptions to this 5-atom 
chain rule. 8 Simonart (J. Pharmacol 1034, £0, 1) 
recorded that the methyl etlier of p-ethylcholine was a 
more powerful vasodilator than the etliyl ether, but the 

* In the esters C»FU + i CO ■ O ■ CHiCHjNMei the chain 
length Ih ft + 4 ; l.e. formylchollne (n»0) has a 4-atom chain. 
If the carbonyl oxygen of formylchullhe were regarded as 
part of a 5-atom chain, this ester would have to be compared 
with the formic esters of fonnochaline and Y-homochollne. 

" We have neglected the small differences In length between 
5-atom chains arising from the different atomic radii of (I, 
O, and N bemuse they would be Inslgnlflcant in comparison 
with the differences In the lengths of homologous chains. 


reverse was true of the corresponding others of p-methyl- 
and p-propylcholvne. Hunt and Renshaw ( J . Pharmacol. , 
1032, 44, 151) found that in the series of thioethors, 
R8(JH a NMo«} I, where R was CH a , C„H|, Call,, and C*H yj 

the n-propyl and ethyl ethers were about equally active 

+ 

vasodilators. Among betaine esters (RO ■ CO ■ CII,NMe : i) 
the methyl and ethyl esters were also about equally ac¬ 
tive vasodilators (R. Hunt and R. R. Roushavv. J. Phar¬ 
macol., 1925, 25, 350; 102(3, 20, 17). Finally Kulz {Arch, 
exp. Path. Pharmalc., 192H, 98, 337) found in the alky I- 
trimethjdammonium series that the n-butyl member was 
the most active ou the frog's lieurt. 

This brief survey of the nvailuhlo data suggests that 
the actual dimensions of what we have culled the cationic 
heud and the chain in members of the choline group have 
mi important effect upon the intensity of the actum nt 
parasympathetic endings; such a result seems to indicate 
that a fairly pn^cisu fit Iwtwwn the drug cutiou and some 
nincromoleculur structure in the living cell is required if 
a high degree of activity is to be observed. 

We have so far been considering only the muscarinic 
properties of members of the choline group. It is un¬ 
fortunate that the relations between structure and the 
nicotine-like actions of the group are much more olmeure. 
There is some evidence that the size of the cationic head 
has an important effect upon the stimulant-nicotinic prop¬ 
erties (e.g. on sympathetic ganglia) because they are 
diminished by replacing the N-atoni of acuLylcholinn by 
I* or As and abolished by replacing the throe N-methyl 
groups by ethyl or larger radicals. Among onium salts 
also, only those containing three methyl groups attached 
to the central atom (N, F, As, or 8) produce contracture 
of the frbg’s rectus abdominis (H. II. Ing and W. M. 
Wright. Proc. roy. Soc., 1033, 114B, 48). There are in¬ 
dications that particular radicals, c.g. n-butyl, benzyl, 
etc., intensify stimulant-nicotinic activity; thus the butyl 
ether of choline (A. Simonart. J. Pharmacol., 1932, 40, 
173) and the methyl ether of p-butylcliolino (A. Simon- 
art. J. Pharmacol 1034, 50, 1) both have striking nico¬ 
tinic effects on blood pressure. It is generally assumed 
that p-methyl choline derivatives fail to show gtiniulnnt- 
nicolinic effects; this appears to be frequently but not in¬ 
variably true : thus, whereas the n-butyl ether of p-metbyl- 
cholino, in contrast to that of choline, has only a slight 
pressor action after atropine' administration, Renshaw, 
et al, ( J. Amcr. chem. Soc. f 1938, 80, 1705) found that 

acetyl p-methylthiocholine (CH B CO ■ SCHMeCH a NMe a ) 
had an intense nicotinic effect on blood pressure not only 
after, but even before, the administration of atropine. 

The paralyzing nicotine-like action on sympathetic 
ganglia appears to be, like the curariform action in 
striated muscle, a general property of "onium" cations. 
There is no evidence, however, that the paralysis of gang¬ 
lion cells runs parallel with that of voluntary muscle; 
indeed, what evidence there is suggests a reciprocal rela¬ 
tion—that high curariform activity Is associated (in 
onium cations) with low paralyzing activity on ganglion 
cells and vice versa. Tetraetbylammonlum is the best- 
known example of this inverse relation. 

H. R. Ino 

Department of Pharmacology, Oxford University 
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NEWS 
and Notes 

The National Science Foundation, 

On February 25 the Senate Committee 
on Labor and Public Welfare reported 
out, 8. 247, “The National Science 
Foundation Act of 1949“. On March 
3 it wan officially reported to the 
Senate in Senate Report No. 90, but 
there in no busis for predicting when it 
will come up for discussion or for vote. 

The National Science Foundation 
Act of 1949 is in every detail the Na¬ 
tional Science Foundation Act of 1948 
(B. 2385). Take the latter it Is a 
nonpartisan bill sponsored by Senators 
Thomas, Kilgore, Fulbright, Magnu- 
Hon, Smith, Cordon, Find Sal tons tall. 
With this sponsorship the Senate Com 
mitten feels confident that S. 247 will 
he passed without much debate anil 
without amend moot—possibly without 
u dissenting vote, as S. 2385 was passed 
in the spring of 1948. There is also 
definite reason to believe that the bill 
will receive the President's signature. 

All this sounds very encouraging, 
provided 8. 247 is the kind of legisla¬ 
tion scientists want. In private, at 
least, three of the sponsors frankly 
admit that they prefer a moTe liberal 
bill. One of them has expressed the 
hope that it will he ameuded in this 
direction in the House and liaa con¬ 
fessed that H. 247 was reintroduced 
into the 81st Congress without modifi¬ 
cation because it Was the easiest course 
for the Committee to follow, and be¬ 
cause this bill is virtually assured of 
passage. 

It is also known that the President 
favors more liberal legislation, but be 
seems even more concerned that a Na¬ 
tional Science Foundation be created 
and hence will not oppose legislation 
which accomplishes this primary ob¬ 
jective. 

Although S. 247 has not yet passed 
the Senate, it looks as if the House 
will have the responsibility of deter¬ 
mining what final form the National 
Science Foundation will take. Six 
bills are already before it and will be 
considered by the Committee on Inter¬ 
state and Foreign Commerce, after this 
Committee is fully organized. Five of 
these bills (H.R. 12, ISA, 811, 1B45, 


and 2308) are similar to H.R. 6007 of 
the 80th Congress, anil are thus like 
S. 247. One (ll.R, 359), introduced 
by Congressman Cellar, follows the 
pattern of 8, 1850 of the 79th Con¬ 
gress, Although H.R. 359 is a liberal 
bill, it has serious shortcomings, and 
it may be questioned wbother the Con¬ 
gress has before it any bill which pro¬ 
vides a wholly satisfactory base for 
final legislation. Indeed, the House 
Committee is already receiving letters 
urging changes in the bills before it. 
The situation calls for serious study by 
the Nation’s scientists. 

Howard A. Meyerhoff 

About People 

Alan R. Moritz 1ms been nppnintod 
professor of pathology in the Bchool of 
medicine of Western Reserve Univer¬ 
sity, and director of pathology, Uni¬ 
versity Hospitals of Cleveland. At 
present I)r, Moritz is professor of legal 
medicine at Harvard Medical School 
and pathologist-in-chief at, Peter Bent 
Brigham Hospital. Ill his new post 
he will succeed Howard T. Karsner, 
who lias been appointed Medical Ad¬ 
viser to the Surgeon General, U. 8. 
Navy. 

Emory N. Kemler has resigned as 
acting director of research for New 
York University to become associate 
director of South west Rcsenrch Insti¬ 
tute, Houston, Texas. Dr. Kemler 
succeeds John V. Pennington, on 
leave of absence from the Institute. 

Ludwig Miez van dcr Rohe, head 
of the department of architecture at 
Illinois Institute of Technology, lias 
been elected to honorary corresponding 
membership in the Royal Institute of 
British Architects. A native of 
Aachen, Germany, T)r. van der Rohe 
came to the United States in 1938. 

Julian Huxley, whose term of office 
on director general of UneBCo ended 
last December, has accepted an invi¬ 
tation of the British Minister of Edu¬ 
cation to become a member of, the 
United Kingdom Unascu Committee. 

Hagop H. Alexanlan, chemical en¬ 
gineer, and Kenneth C. Kennard, 
organic chemist, have joined the staff 
of the Technical Command, Army 
Chemical Center, Maryland, in the 
munitions division and the chemical 
division respectively. 


Ernest B, Babcock, professor 

emeritus of genetics, College of Agri¬ 
culture, University of California at 
Berkeley, lms been appointed presi¬ 
dent of the section of experimental 
taxonomy of the seventh International 
Botanical Congress, to be held in 
Stockholm, Sweden the summer of 
1950. Throe University of Michigan 
botanists have also been appointed t.u 
the Congress: Chester A. Arnold us 
vice president, of the section for paleo¬ 
botany, nml William Randolph Tay¬ 
lor and William C, Steere as vice 
presidents of the section of taxonomy. 

Beno Gutenberg, professor of geo¬ 
physics and meteorology at the Cali¬ 
fornia Institute of Technology, has 
been made a corresponding member of 
the Royal Swedish Academy of Science. 

C. Fred Gurnham, Now Haven con¬ 
sultant engineer, has been appointed 
chairman of the Department of Chemi¬ 
cal Engineering in the Tufts School of 
Engineering, Medford, Massachusetts, 
effective this month. 

Donald J. Hebert, head of basic 
hydraulic research with the Bureau of 
Reclamation, Denver, Colorado, hns 
been appointed associate professor of 
civil engineering at Columbia Uni¬ 
versity. Professor Hebert will conduct 
experimental apparatus and research 
studies in nddition to teaching hy¬ 
draulics. 

Cornelius E. Senseman, special as¬ 
sistant to the Chief of the Bureau of 
Agricultural and Industrial Chemis¬ 
try, has retired after more than 30 
years of Federal service. Mr. Sense- 
man has played an active role in the 
chomurgic field. 

The American Optical Company has 
appointed Charles J. Burton, formerly 
with the American Cyanamid Com¬ 
pany, and Walter A. Fraser, of the 
Perkin-Elmer Corporation, to the staff 
of its newly established research lab¬ 
oratory in Stamford, Connecticut. 

Harry L, Ebert has been appointed 
chief chemist of Firestone Industrial 
Products, Fall River, Massachusetts. 

Herschel Well, of Brown Univer¬ 
sity, has joined the staff of General 
Electric, Company, Schenectady, New 
York, as a mathematician. 

Paul R. Needham has been ap¬ 
pointed professor of zoology at the 
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University of California at Berkeley, 
where he will direct to aching and re¬ 
search in ichthyology and fisheries 
biology. 

Percy L. Julian hus joined the fac¬ 
ulty of Pink University os a consultant 
in research chemistry, 

John J. Phair recently joined the 
staff of the University of Cincinnati's 
Department of Preventive Medicine 
and Industrial Health, succeeding the 
late Thomas J. LeBlanc. I)r. Phair 
had been chairman of the University 
of Louisville’s Department of Pre¬ 
ventive Medicine and Public Health 
since 1946. 

Cushman D. Haagemen, coordi¬ 
nator of cancer teaching at Columbia 
University's College of Physicians and 
►Surgeons, 1ms been named director of 
the University V Institute of Cancer 
ltesearch. Dr. Haagensen is also as¬ 
sistant attending Burgeon and assistant 
surgical pathologist at the Presby¬ 
terian Hospital of New' York City. 

Stuart McLain, former associate 
director of the Technical Division at 
Oak Ridge National Laboratory, has 
recently joned the staff of the Argnnno 
National Laboratory as a Henior chem¬ 
ical engineer. 

Hans Kohler, formerly a member 
of the Research Laboratories of the 
►Signal Corps, is now with the National 
Bureau of Standards in the Electronics 
Division. 

M. K. Goldstein, head of programs 
research, Office of Naval He we arch, has 
been granted leave of absence to serve 
as a senior technical staff member of 
the Air Navigation Development 
Board. On March 17 Dr. Goldstein 
will receive the Washington Academy 
of Science'a 1948 Academy Award in 
the Engineering Sciences. 

Visitors to U. S. 

Yngve Ohm an, head of the Stock¬ 
holm Observatory, arrived here last 
month for a year's stay. At the invi¬ 
tation of Harvard University, he will 
study at the High Altitude Observa¬ 
tory in Boulder, Colorado. 

Karl von Frisch, Austrian zoologist 
from the University of Graz, will be 
a guest of Cornell University's Zool¬ 


ogy Department the last half of this 
month. The subjects of his public 
lectures there on March 16, IS, and 21, 
will be "The Color Sense of Bees," 
“The Chemical Senses of Bees," and 
"The Language of Bees." l‘)r. von 
Frisch will visit other U. S. univer¬ 
sities and will return to Europe about 
.7 une 1. 

Stig Karlson, associate professor 
of obstetrics and gynecology at Stock¬ 
holm, Sweden, was a recent guest of 
Clair Folsomo, medical director of the 
Ortho Research Foundation, Raritan, 
New Jersey. Dr. Karlson, an author¬ 
ity on the physiology and pathology of 
the uterine musculature, visited the 
Lying-In Hospital of Chicago Univer¬ 
sity and the New York Hospital of 
Cornell University’s Medical School 
during liis two-week stay. 

Eugene E. Rabe, formerly of the 
University of Berlin, has beeu made 
assistant professor of astronomy in 
the University of Cincinnati’s Gradu¬ 
ate School of Arts and Sciences and 
College of Liberal Arts. He will con¬ 
tinue work on the International Astro¬ 
nomical Union's minor planets pro¬ 
gram, with which he has been identified 
for more than 10 years. As a special 
project, ho is studying the orbit of the 
planet Eros, discovered in 1898. Dr. 
Rabe spent some time at the U. S. 
Naval Observatory in Washington be¬ 
fore going to Cincinnati. 

Six Indian engineers recently ar¬ 
rived in this country for several 
months' training in the operating, 
maintenance, and production phases of 
fertilizer manufacturing plants. They 
are: K. L. Ram a swam i, J, Simon, 
H. G. Rao, H. A. Bhatta, S. C. L. 
Jain, and A. N. Krishna Swami. 
Upon their return to India they will 
take over operation of a new $60,000,- 
000 fertilizer plant at, Sindri, 176 miles 
northwest of Calcutta. The plant, 
sponsored by the Indian Government, 
is now being operated by Chemical 
Construction Corporation, a unit of 
American Cyan amid Company. 

Grants and Awards 

The Society of Chemical Industry, 
London, has awarded its gold medal 
for 1949 to Foster Dee Snell, presi¬ 
dent of Foster D. Snell, Inc., New 
York firm of consulting chemists and 


engineers. Dr, Snell will receive the 
medal at the Society '■ meeting at 
Manchester, England, July 13, when 
he will deliver an address on a phase 
of surface activity. 

Henry Eyring, professor of chem¬ 
istry, University of Utah, recently re¬ 
ceived the Research Corporation of 
New York 'b achievement award, con¬ 
sisting of a plaque and $2,500. 

The World Health Organization 
of the United Nations lias been 
awarded a medal by the Egyptian 
Government for its action in stopping 
a cholera epidemic in that country iu 
1947, 

The Alvey-Ferguion Company of 
Cincinnati has given Columbia Uni¬ 
versity $20,000 to establish scholar¬ 
ships for students in the mechanical 
and electrical engineering depart¬ 
ments of the School of Engineering. 

Cornell University's Laboratory of 
Nuclear Studies has received a gift of 
approximately $1,000,000 from Floyd 
R. Newman, a director of Ashland 
Oil and Refining Company, of Cleve¬ 
land. The laboratory, opened last 
October (Bee Science, October 8, p. 
375), will be named for Mr. Newman. 

Carl Eric Holm quiet, a chemist at 
the Swedish Government Institute for 
Public Health, has received a grant 
from the Rockefeller Foundation to 
study technical hygiene for one year 
at Harvard University. 

George B. Creamer of Syracuse, 
New York, lias been awarded the 
Sylvania Division American Viscose 
Corporation Fellowship for the study 
of cellulose chemistry at McGill Uni¬ 
versity, Montreal, Canada. 

The Oberly Memorial Award, 

given every two years to the American 
citizen who compiles the best bibliog¬ 
raphy in the field of agriculture or 
the related sciences, is offered for 
1949. The award is limited to publi¬ 
cations Issued during the calendar 
years 1947 and 1948. Those inter¬ 
ested In competing should Bend four 
copies (either processed or printed) 
to Marvin A, Miller, Chairman, 
Oberiy Memorial Award, University 
Libraries, University of Arkansas, 
Fayetteville, before June 15, 
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Colleges and Universities 

The new biology building to be con¬ 
structed on the campus of West Vir¬ 
ginia University will house labora¬ 
tories and classrooms for physiology, 
anatomy, genetics, embryology, cytol¬ 
ogy, bacteriology, plant pathology, 
taxonomy, and other specialized 
courses, as well as general courses in 
botany, zoology and biology. The 
completion date is set for November, 
1950. 

Members of the Division of Ento¬ 
mology and Parasitology of the Uni- 
veraity of California have organized 
a group to study the systematic** and 
economics of plant- and animal-in¬ 
festing mites. It is hoped that others 
who are interested in the same prob¬ 
lems will cooperate in the projected 
program. Members of the initial 
group are: E. O. Essig, A. E. Michel- 
bacher, W. W. Middlekauff, E. M. 
Stafford, F. M. Summers, A. D. 
Borden, N. W. Frazier, A. Earl 
Pritchard, G. L. Smith, W, Harry 
Lange, D. P. Furman, and L. M. 
Smith, chairman. 

The University of Rochester 
School of Medicine and Dentistry 
and Strong Memorial Hospital will 
dedicate the new wing of the hos¬ 
pital's psychiatric clinic March 31. 
Among those delivering addresses at 
the dedicatory program will be Paul 
Weiss, University of Chicago; Homer 
W. Smith, New York University; 
Howard Liddell, Cornell University; 
Lawrence S. Kubic, Yale University, 
and Clyde Rluckliohn, Harvard Uni¬ 
versity. 

The University of Georgia School 
of Medicine has opened a school of 
medical illustration and will offer 
courses, beginning this fall, for medi¬ 
cal students, medical art students, and 
illustrators in other fleljfa of science. 
Applications for admission may be 
addressed to the Registrar, Univer¬ 
sity of Georgia School of Medicine, 
Augusta. 

The Stanford University Research 
Institute recently opened its new pre¬ 
cision gage laboratory to serve West¬ 
ern industry. Its equipment, most of 
it under contract from the Army 
Ordnance Department, which elosed 
its San Francisco district gage labo¬ 


ratories in 1945, la capable of accu¬ 
rate measurement down to 25 mil¬ 
lionths of an inch. Gage blocks 
(checked every six months with the 
National Bureau of Standards) and 
monochromatic light arc used to de¬ 
termine the accuracy of machine parts. 
The laboratory also has a Magnnflux 
to test metals for cracks and flaws. 
All equipment is available to the pub¬ 
lic at nominal fees to be established 
on a cost-incurred basis. 

The Western College Association 

will celebrnto its 25th anniversary in 
Claremont, California March 26, and 
will honor its founder, James A. 
Blaisdell, former president of Pomona 
College and president emeritus of 
Claremont College. The Associated 
Colleges at Claremont — Pomona, 
Scripps, Claremont Men’s College, 
and Claremont College—will bo offi¬ 
cial hosts of the Association, which 
comprises 30-odd colleges and univer¬ 
sities in California, Nevada, and 
Arizona. 

Meetings and Elections 

The New York University of Edu¬ 
cation is holding its annual Health- 
Education Institute on Social Hy¬ 
giene and Family Relations this 
month, with morning sessions Monday 
to Friday through March 26. 

The Annual Seminar for the Study 
and Practice of Dental Medicine will 
1x5 held October 23-28 at the Desert 
Inn, Palm Springs, California. Dis¬ 
cussion will be conducted by Arthur 
C. Curtis, University of Michigan, 
Wilton Marion Krogman, University 
of Pennsylvania; Seymour M. Farber, 
University of California Medicul 
School; Balint Orban, University of 
Illinois; I). Harold Copp, University 
of California; Francis A. Arnold, Jr., 
U. S. Public Health Service; and 
Paul Popenoe, American Institute of 
Family Relations, Los Angeles. De¬ 
tailed information may be obtained 
from Marion G. Lewis, Executive 
Secretary, 103 8 Ninth Avenue, San 
Francisco 22. 

The Second National Conference 
on Uneico will be held in Cleveland, 
March 31-April 2. Over 3,000 dele¬ 
gates are expected to attend the ses¬ 
sion, which is being called by the U. 
S. National Commission on Unesco, an 


advisory body to the Department of 
State. The principal speaker will be 
Jaime Torres Bodet, newly elected 
director general of Unesco. 

The Michigan Academy of Sci¬ 
ence, Arts, and Letters, will hold its 
annual meeting at Wayne University, 
Detroit, Michigan, March 31-April 
2. Eighteen special-interest groups 
within the Academy will share re¬ 
search findings in their fields. All 
interested persons are invited to 
attend. 

The Division of Biological Chemistry 
of the American Chemical Society will 
conduct a symposium on viruses At. 
the meeting of the Society in San 
Francisco, March 31. Papers on vari¬ 
ous aspects of receot virus investi¬ 
gations will he presented by Karl F. 
Meyer, director of the Hooper Founda¬ 
tion ; Cyrus P. Barnum, Jr., University 
of Minnesota; Seymour S. Cohen, Uni¬ 
versity of Pennsylvania; M. A. Lauf- 
fer, University of Pittsburgh; D. G, 
Sharp, Duke University; Robley L\ 
Williams, University of Michigan ; and 
eight Pacific Coast investigators. The 
symposium was arranged by W. M. 
Stanley, director of the Virus Labora¬ 
tory, University of California at 
Berkeley. 

The Medical Library Association 

will hold its annual meeting in Galves¬ 
ton, Texas, April 10^14. The Library 
of the University of Texas Medical 
Branch will be the host. 

The annual Theobald Smith Memo¬ 
rial lecture of the New York Society 
of Tropical Medicine will be held on 
April 22 at 8:30 p.m., in the audi¬ 
torium of the School of Public 
Health, Columbia University, 600 
West 168th Street, New York City. 
Fred L. Sopor, director of the Pan 
Aincricun Sanitary Bureau, will speak 
on “The 1949 Yellow Fever Situatinn 
in the Americas.” All who are in¬ 
terested are invited. 

The Eastern Sociological Society 

will hold its annual meeting at the 
Hotel Commodore, Now York City, 
April 23-24. 

Linus Pauling, president of the 
American Chemical Society and direc¬ 
tor of the Department of Chemistry, 
California Institute of Technology, will 
deliver the second lecture of the City 
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College Chemistry Alumni Associa¬ 
tion's bicentennial lecture scries, April 
29, at 8:00 p.m, in the Groat Hall, City 
College of New York, Convent Avenue 
nnd 139th Street, New York City. Dr. 
l'n tiling will talk on "Structural 
Chemistry in Relation to Biology and 
Medicine." The public is invite*}. 

The American Society of Medical 
Technologists will hold its annual 
convention Juno 20-23 at Hotel Roa¬ 
noke, Roanoke, Virginia. Further in¬ 
formation may be obtained from Ida 
L. Reilly, Roanoke Hospital Associa¬ 
tion, Roanoke, Virginia, 

The American Physical Society, 

at its recent annual mooting, elected 
as president Francis W. Loomis, head 
of the physics department. University 
of Illinois. I. 1. Rabi of Columbia 
University will serve as vice president 
for one year and will succeed Dr. 
Loomis as president of the Society in 
1950. 

The Oregon Academy of Science 

Jjns elected the following officers for 
1949: W. E. Milne, Oregon State 
College, president; F. L. Griffin, Rood 
College, vice president; F. A, Gilflllun, 
Oregon State College, secretary; and 
Lloyd Staples, University of Oregon, 
treasurer. 


Dwight Willard Taylor, 17 years old, 
of the Webb School in Claremont, 
California, was named the Westing- 
house Grant Science Scholarship 
winner at the banquet,culniirmting the 
Eighth Annual Science Talent Search 
in Washington, D. C., on March 7. 
Tnylor, who will use the $2,800 award 
to attend the University of Michigan, 
luudo a survey of molluskH on Nan- 
tucket Island and reported 7fl species 
previously unknown there. 

Caroline Stuart Littlejohn, J6 years 
old, of Classen Senior High School, 
Oklahoma City, Oklahoma, received the 
hoc ond place $2,000 Westinghouse 
Science Scholarship for her general 
science record and her essay on the 
mathematical theory of relativity. 

Of the 40 high school students se¬ 
lected from 16,218 entrants to come to 
Woshington for the Eighth Annual 
Science Talent Institute held March 3- 
7, eight were awarded $400 science 
scholarships: Thomas Calhoun Barr, 


17, Hillsboro High School, Nashville, 
Tennessee; Pierre Eudido Conner, Jr., 
16, Cathedral High School, Lafayette, 
Louisiana; John Ward Kimball, 18, 
Phillips Academy, Andover, Massachu¬ 
setts; Henry Jacob Landau, 18, Bronx 
High School of Science, New York 
City; Thomas Francis Martin, 17, 
Cathedral Latin School, Cleveland, 
Ohio; Nicholas Reinhardt, 17, Terrace 
Park High School, Terraco Park, Ohio; 
Howard Alan Shugurt, 17, Herbert 
Hoover High School, Glendale, Cali¬ 
fornia; and Ursula Vivian Victor, 10, 
Forest Hills High School, New York, 
The 30 other participants in the Wash¬ 
ington Institute received $100 science 
scholarships. 

The annual Westinghouse Science 
Talent Search is conducted by the 
Science Clubs of America with funds 
provided by the Westinghouse Educa¬ 
tional Foundation and is administered 
by Science Service. The $11,000 in 
science scholarships may be used at 
any college, university or technical 
school of the winners' choice to con¬ 
tinue training in science and engineer¬ 
ing. In addition to the 40 national 
winners, a list of 260 students awarded 
honorable mention was announced on 
February 10 and recommended to col¬ 
lege and university registrars who are 
recruiting students talented in science, 
Eighteen states conduct Science Talent 
Searches concurrent with the national 
competition to determine state scholar¬ 
ship awards. 

The panel of judges—Harlow Shap- 
ley, Director of the Harvard College 
Observatory, Steuurt Henderson Britt 
and Harold A. Edgerton, psychologists 
of New York City, nud Rex E. Buxton, 
psychiatrist of Washington, D. C.— 
made the science scholarship awards on 
the basis of a science aptitude test 
completed by 2,482 of tho entrants, 
recommendations and scholarship rec¬ 
ords submitted by the students' high 
schools, and original 1,000-word essays 
entitled "My Scientific Project," 

The 31 boys and nine girls selected 
for the Science Talent Institute in 
Washington came from 32 localities in 
17 states and the District of Colum¬ 
bia. Three states, Louisiana, Texas, 
and Utah, have winners this year for 
the first time. 

Of the 320 winners named in the first 
eight Science Talent Search, twelve 
have come from the Bronx High School 


of Science and eight from Stuyvosant 
High School in New York City; seven 
from the Forest Hills (Now York) 
High School; and 6 from the Herbert 
Hnover High School in Glendale, Cali¬ 
fornia. 

Albert Einstein celebrates his 70th 
birthday on March 14 and to mark this 
occasion Unettoo World Review is is¬ 
suing a special supplement which will 
be entitled "Tribute to Albert Ein¬ 
stein." A 30-ininute program, writ¬ 
ten by Niels Bohr, Danish physicist, 
Jacques Hadornard, French mathema¬ 
tician, and Arthur II. Compton, IT. S. 
physicist, will be released to all radio 
stations receiving the World Review, 
for broadcast Sunday, March 13. 

The Army Medical Department an¬ 
nounces the development of a new 
drug, “Dramaraine,” that acts os both 
a cure and preventive of seasickness 
or motion sickness. The original re¬ 
search was done by Leslie N. Gay, of 
the Protein Clinic of Johns Hopkins 
University Hospital, Baltimore, Hnd 
Paul Cnrliner, also of Johns Hopkins. 
Recent experiments showed almost to¬ 
tal cure or prevention of seasickness 
among more than 400 passengers 
aboard an Army transport in heavy 
seas. 

The Smlthtonian Institution has 

been presented with a collection of 
burrowing snakes of the Southwest— 
more than 2,000 specimens of the ob¬ 
scure, inaect-eating Sonora and Tan- 
tilla , collected by Edith R. Force, of 
Tulsa, Oklahoma. 


A Special Notice to 
Any Prospective Exhibitor 
in the 

Annual Science Expoaition 
of the 

116th Meeting of the AAAS 
New York City, 
December 26-41, 1949 


If you did not receive a letter in¬ 
viting your participation in this year's 
annual Exposition, and if you would 
like to receive the Official Floor Plan 
and Booth Rental Information on the 
release date this month, please write 
at once to: R. L. Taylor, Assistant 
Administrative Secretary, AAAS, 1519 
Massachusetts Avenue, N.W., Wash¬ 
ington 5j D. 0. 
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A New Development in Ocean Wave Research 1 

H. R. Seiwell and George P. Wadsworth 

Woods Hole Oceanographic Institution and Massachusetts Institute of Technology 


A Pi'Ll CATION OF TliK PRINCIPLES of pen- 

^4 rralized harmonic analysis bo oceanic wave 
A la observations is here briefly reported. This 
type of analysis is new lo oceanography and has 
rarely been used in other geophysical practices ( 2 , 3 ). 
In our caw it was applied initially to observed oceanic 
wave data ns a means of overcoming ambiguities and 
uncertainties arising from the fitting of Fourier series 
and from apparent misleading indications of periods 
from period off rum analyst's of finite amounts of data, 

The hypothesis of generalized harmonic analysis 
provides a realistic approach to the subject of oceanic 
wave investigations. As will be shown, the outcome 
of the applications fur exceeded initial expectations. 
The results obtained identify the method hh a power¬ 
ful tool for this type of investigation and, provided 
the hypothesis is applicable to the problem, it serves 
two distinct purposes: 

(1) To separate the dynamic and random com¬ 
ponents of oceanic wave patterns, and to evaluate 
the physical characteristics of each. 

(2) To employ the above results in investigations 
of the corresponding properties of the physical gen¬ 
erating mechanisms. 

The dynamic components of ocean wave patterns 
nre presumed to be those generated by systematic ac¬ 
tion of winds on the sea surface. On the other hand, 
random components result from variables not con¬ 
sidered, such us random motions of the water and local 
intermittent wind action. Separation of dynamic and 
random effects in this sense is paralleled in electrical 
communication, wherein the initial signal frequency is 
distorted to a varying degree, and distortion of a 
purely random nature in< called noise. On arrival, a 
message contains the original signal frequency plus a 
random noise, and the problem is to isolate the initial 
signal from the message. The analogy to be drawn 
for ooean waves is that the ocean wave record is com¬ 
parable to the message, the dynamic portion of the 
record to the signal, and the superimposed random¬ 
ness to the noise. 

The oceanic wave observations subjected Lo analyses 
were obtained in the ububI manner, by photographic 

1 Contribution Mo. 401 from the Woods Hole Oceanofriipfclc 
IflHtltutlDD and the Department of Mathematics, Meseechu- 
■feUs Institute of TeehnoloffF- 


recordings of Hen surface wave heights and by auto¬ 
matic recordings of wave pressure variations at the 
Hea bottom ( 1 ). Such observations comprise geophys¬ 
ical time series from which discrete values of wuve 
heights are scaled at equidistant (1 second) time inter¬ 
vals. Sequences of values ho obtained contain certain 
inherent dynamic properties, together with certain 
all peril 11 post'd random components. 

Separation of the dynamic und random components 
and evaluation of their cyclical and oscillatory char¬ 
acteristics nre possible by the hypothesis of general¬ 
ized harmonic analysis. In this manner we eliminate 
the objectionable a priori assumptions of Fourier 
series applications to geophysical time series, and ob¬ 
tain results of dynamic significance. Thus, applica¬ 
tion of the Fourier series to a finite stationary time 
series permits representation by on infinite number of 
sums of sine waves of different periods and ampli¬ 
tudes, whereas the correlogrnm of generalized har¬ 
monic analysis is, like the original series, the sum of 
n series of harmonics with different coefficients, all 
in phase. The correlogram brings to light a more 
realistic and more simplified picture of the physical 
characteristics of the sea surface pattern. The nature 
of this information is briefly discussed in connection 
with an analysis of Wave Record 53-X. 

A detuiled report by the authors on the method of 
generalized harmonic analysis, together with a rigor¬ 
ous mathematical treatment of the specific applica¬ 
tions und representative examples, will be published 
shortly. Essentially, the method consists of analyzing 
the correlogram of auto und cross correlations of the 
data. Thus, as an example, in the series 

u(t) = A, sin (Ait + aj h A z sin (X 2 t + a 2 ) 

+ A ni sin (X lo t+ «„,), 

the variance is 

Llm^J^ u ' (t)dt =i2 ( A, J) , 

und the auto correlation function is 

/IV SfAj'cosfXjk)} 

■ ,<k) = —sihTJ - ■ 

Record 53-X (Fig. 1) designates a 20-inin under¬ 
water (70' depth) pressure record from a location one 
and one quarter miles south of Cuttyhunk Island, 
Massachusetts, beginning at 0650, September 15,1940. 
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Previous periodogram analysis of this data, by means 
of the wave frequency analyzer in use at this Institu¬ 
tion (I), produced the result illustrated in Fig. 2. 
The periodogram is a complicated picture with numer¬ 
ous periods. This represents the customary type of 



Flu. 1. Portion of Wnvp Kccoril SS-X, On thn 
originul record Hu* upper 110-nit thin* lluirkM nn* ap¬ 
proximately upurl. 


in the series. Thus, it can be demonstrated by a gen¬ 
eralized harmonic analysis of the original record 
(53-X) that the wave pattern is not an interference 
pattern composed of the numerous periods of Fig. 2, 
hut one that is apparently controlled by a single 



oceanic wave record analysis, and in the usual inter¬ 
pretation, two distinct frequency bands would be de¬ 
fined as characterizing the data. The first, not loo 
well represented, lies between 6.5 and 8.00 seconds, 
Hnd the second, well-defined, between 10.5 and 16.0 
seconds. Maximum peaking occurs at 12.5 seconds, 
with two additional, well defined peaks at 11.5 and 
15.0 seconds. Hence, the usual conclusions druwn 
from this analysis would be that the sea surface 
roughness pattern consists of two defined spectral 
bands with a dominating period in the vicinity of 12.5 
seconds. 

Although conclusions like these are not readily dis¬ 
proved, the accepted explanations of geophysical phe- 



Fiu. 2. Rcmiltfl of pprlnriogram mialyHln of Wnve 
Ilecord 5H-X, iih (riven by. the wave frequency analyzer, 


nomena nre those that provide the most realistic and 
simplified hypothesis. In this case, the fallacy in the 
analysis appears to lie in the fact that the large num¬ 
ber of periods shown for consideration is misleading. 
The mere fact that the data can be mathematically 
represented in this fashion does not lend significance 
to any identical period or group of periods. The com¬ 
ponent periods are not identifiable, and the period 
bands which may be construed as constituting the 
oceanic wave pattern do not possess a realistic phys¬ 
ical significance. Rather, this type of analysis sug¬ 
gests that the large number of periods in the periodo- 
grnm may be indicative of some one disturbed period 


Fit;. a. f WreJogr/ini <if Wave* Record flS-X : 0- to 
lfl-src InifN. 


cyclical component on which is superimposed an oscil¬ 
latory component of the same frequency. Combina¬ 
tion of the two components results in the apparent 
complex basic wave pattern of the record (Fig. 1). 
This latter, and more realistic explanation, has been 
derived for Record 53-X in the following manner. 

Correlugrnms of Wave Record 53-X for lag corre¬ 
lations of 0 to 16 seconds, 100 to 111 seconds, nnd 
200 to 211 seconds are illustrated by Figs. 3 and 4. 
The sinusoidal symmetry of the curves and the time 
locations of VHlleyH (6.13, 104.13, 202.13 seconds) and 
crests (12.25, 110.25, 20H.25 seconds) indicate a per¬ 
sistent period very near to 12.25 seconds. The vari¬ 
ance of the primary data is 0.1 824 ft 2 . 



Fig. 4 . Sections of cotTclnfrraiu of Wnvc Record 
fill-X for the 100- to Ill-sec and 200- to 211-nec lagn. 


The correlogram damps slowly. At the 202nd lag 
the wave valley has an amplitude of r k = 0,G6, nnd 
near the 208th lag the crest amplitude is r k = 0.62« 
The slight asymmetry appears to result from small 
errors in estimation of the meun value. The mean 
amplitude for the 16th cycle is taken as r k = 0.64, 

In the cose where the series consists of a sine 
term, A Bin tit, plus a random residual, we have as a 
theoretical value of the terminal amplitude of the 
correlogram 


variance cosine A 2 cos | 


Thus, 


total variance 
A = \/2 Vr„ « r 


2e/ 





March 18, 1949, Vol. 109 


SCIENCE 


2?l 


If the vfiJue of r k = 0.64 and Mint for the variance 
of the primary data (0.1824 ft 2 ) is substituted, the 
theoretical amplitude (A) of the 12.25-seeond cyclical 
component in Wave Record 53-X is computed to be: 
A =0.49 ft. 



Fiu. R. CorrHlnffrnm of rr*Ntd Li ft Ik of Wave llecord 
.1M-X ; 0- to 14 -mcc Ijuth. 


This value is in close agreement with the amplitude 
of 0,54 ft computed for the 12.25-second cyclical com¬ 
ponent by u least-squares tit of Fourier series to the 
primary data of 53-X. Subtracting thin cyclical com¬ 
ponent from the primary data and computing the auto¬ 
correlation functions of the residuals, we obtain the 
corrclograni of Fig. 5. The correlogmiu damps rap¬ 
idly In an amplitude of r - 0.54 at the end of the first 
cycle, and thereafter continues to damp. The vari¬ 
ance of the residuals in 0.0636 ft-. 

Substituting above values in the relation 

variance of residuals 

-----= I - r k 

variance of primary data 

where r k is the terminal amplitude of the primary 
correlogram, we obtain r k = 0.656; a value in good 
agreement with that of r k = 0.04 for the terminnl 
amplitude of the eorrelogram of the primary data 
(Fig. 4). 

We may now proceed on the basis that, after ex¬ 
traction of the cyclical component from a finite 
amount of primary data, the residuals represent the 
autoregressive part of the primary data. Hence, the 
total or primary data may be considered to consist of 
a cyclical component and an oscillatory component, 
the latter of which is autoregressive, The correlo- 
gram of the residuals has a period of 12.25 seconds, 
identical with that for tjjtt primary data. From the 
Fourier transform of tbe autocorrelation coefficient, 
the intensity (S 2 ) in the periodogram of the residual 
series la computed. Fig. 6 illustrates the results which 
show that the energy of this spectrum attains its 
maximum value (S 2 = 7.2) at about 12*25 seconds. 

Further numerical computation provides items of 
verification interest. Thus, multiplying the residual 
variance by the maximum intensity of the periodogram 
(Fig. 6) we obtain A = 0.67 ft as the theoretical am¬ 
plitude of the oscillatory component. 

The total amplitude of the sea surface oscillation 


(C) may now be computed us the square root of the 
sum of the squares of the cyclical and oscillatory 
component amplitudes. Thus 

v = V(0.54) :i + (0.67) a = 0.86 ft. 

The mean deviation of the primary data is 0.302 
ft; that for the residuals, after subtraction of the 
cyclical component, is 0.194 ft. Thus, the ratios of 
mean deviation to standard deviation for each case is: 
primary data = 0.84 and residua ls = 0.77; or the mean 
deviation is approximately \/2/^ of the standard 
deviation, u relationship which holds approximately 
for uni modal curves approaching symmetry. 

Application of the hypothesis of generalized har¬ 
monic analysis permits the following geophysical in- 
terprelatinn of Wave Record 53 X. The wave pat¬ 
tern represented consists of a well-developed cyclical 
component (12.25-second period) on which iB super¬ 
imposed an oscillatory component of the snme period. 
The former, which accounts for approximately 04 per¬ 
cent of the sen surface roughness, proceeds through 
the data us the predictable component, that is, ns long 
as the generating mechanism remains unchanged. The 
oscillatory component represents the autoregressive 
part of the data. The cyclical component is pre¬ 
sumed to be generated by a prominent oceanic mete¬ 
orological situation, and the superimposed oscillatory 
component from local winds and other local disturb- 



Kiu. fl. Energy distribution (S a > In perlodoffrnm 
of the residual services obtained from the Fourier 
transform of tbe autocorrelation coefficient. 


ances which tend to change the basic wave pattern. 
Tile cyclical ia the dynamic component, whereas the 
oscillatory component is random, although it may 
possess dynamic characteristics. 

Most of the wave records 2 analyzed to date conform 
to the general pattern of Record 53-X; that is, a well 
developed cyclical component on which is superim¬ 
posed an oscillatory component, plus, possibly, other 
random factors. In a few instances, the cyclical com¬ 
ponent has been absent, or so weakly developed as to 
be indistinct. In rare cases, two distinct cyclical 
components were evaluated from the primary data. 

■ These record? comprise both oca Hur/ac* imd bps bottom 
dbtfcrvntlons, For obftervlng methods see reference f. 
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The conclusions to be drawn from the foregoing 
analyses may be summarized briefly as follows: 

(1) Periodogram analyses performed on oceanic 
wave records do not appear to give correct geophysical 
information. The numerous wave periods, and bands 
of periods, indicated by this type pf analysis do not 
necessarily possess physical significance. 

(2) Application of the hypothesis of generalized 
harmonic analyses to western North Atlantic wave 
records indicute* that ocean wave patterns are not 
complex interference patterns resulting from combi¬ 
nations of many wnve frequencies, but frequently con¬ 
sist of a single sinusoidal wave on which is super¬ 
imposed an oscillatory component. 

(3) The cyclical component nppenrs to be that gen¬ 
erated under the influence of a dominating oceanic 
meteorological situation, and the oscillatory com¬ 
ponent by local winds and other local disturbances 
tending to change the basic ocean wave pattern. 


(4) Separation of the cyclical and oscillatory com¬ 
ponents and determination of their physical properties 
is possible by generalized harmonic analysis of flnite 
portions of the primary data. 

(5) In the case of Record 53-X, the wave pattern 
is indicated to be composed of n cyclical and an oscil¬ 
latory component. The former proceeds throughout 
the data in regular sinusoidal fashion with an am¬ 
plitude of 0.54 ft and accounts for approximately 
64 percent of the variability in the wave pattern. The 
oscillatory component, with a theoretical amplitude 
of 0.67 ft is autoregressive, and strongly damped. 

Reference! 

1. HKTWKL.L, II. R. Wrsiil/s of rvneurch on si/r, rice trace** 

of the wetter*! Worth Atlantic. lu IMiyHlriiJ 
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105-57. Washington, 1>. C. : Air Weather Hcrvlce, 
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Comparative Electron and Light Microscopic 
Investigations of Tactoid Structures in V 2 0 5 -sols 


John H. L. Watson, 

The Eds el B. Ford Institute for Medical Research, Detroit 


Wiifried Heller and Wesley Wojrowicz, 

Wayne University, Detroit 

I1E SPINDLE-SHAPED TACTOIDS in Fig. 
1, whose biological interest was recognized at 
an early date (-2), have been invesligated re¬ 
peatedly with the polarizing microscope (7/7) and by 
X-rays (I). Electron microscopy has not been up- 
pUed extensively to tactoids, although it has been used 
by various authors to study aqueous dispersions of 
tobacco mosaic virus (10) and of V.;O n (.7), in both 
of which tactoids do form under suitable conations. 

In this investigation we studied the development 
and transformations w r ith time of tactoid structures 
in a 2% V a O B -sol prepared according to the recipe 
of Zocher and Jacobsohn (15). Immediately after 
preparation a solution of this concentration shows 
a fine particle dispersion in the electron mkrod^pe, 
without structure or apparent orientation 
These colloidal particles have a mean diameter l®8f* v 
than 50 A. In the polarizing microscope a solution"' 
of this concentration is optically empty. 

In a liquid medium, structures* of low rigidity are 
liable to deform and alter during the drying of speci- 



Fiu, 1. Photnmfcrotfrupfl between croniwcl nlcolfl of V/> B 
tact olds, x 100, 



March 18, 1049, Vol. 103 


SCIENCE 


275 


uto 


^ r 


^ . 

; , f ; : 

f 

>. * ^. 


1 - 

FiO. 2. Elcrlron mltrotfrnph nf n Hhnrinw-niNt Npcrlincn 
of a three-hour sample or VaO,i, Nlimvlne fine pjirtlculfl ic ma¬ 
terial, x 42.500. 

mens preliminary to Heetron microscopy, so that 
structural details cun be produced which are absent 
in the original specimen. In the present work with 
V^O^rSOls un entire drop¬ 
let of specimen appar¬ 
ently acquires the consis¬ 
tency of a pel lit some 
period prior lo complete 
drying. This is true only 
of the ^ohW’ samples, 
however/;'afart not at all 
of the prepared 

ones. jiVs king as one is 
aware of the possibility 
of drying artifacts, as 
well as of other in¬ 
herent characteristics 
electron microscopy tech¬ 
niques, rpeeudostructures 
are not a serious draw¬ 
back hut jnay h*ve real 
mine and give much ad¬ 
ditional information. In 
order to r get a more com¬ 
plete of the 

propmks of a material, 
the electron microscope 
should be used in con¬ 


junction with other instruments. In the present 
work, because of the orientation which exists in 
the materials, the polarizing microscope has been 
chosen ns a second instrument to aid in interpreta¬ 
tion. The polarizing light microscope in many Gazes 
defines the spatial arrangement of structural elements, 
although these elements may have dimensions far be¬ 
low the resolving power of the microscope itself. 

Electron micrographs of a dried 24-hour specimen 
show up the presence of tqetoids (Figs. 3 and 4). 
Shadow-casting at very acute nngles and stereoscopic 
election microscopy reveal that the dried tactoids have 
exceedingly little thickness and arc almost in the same 
plane as the dim and the background gel throughout. 
In drying, the spiiulle-shnppd bundle of rods collapses 
upon itself but retains the general outline of the 
tactoid. At this and ut lutar stages, shenves of rods 
also appear. With the polarizing microscope, solu¬ 
tions are observed to develop individual factoids with 
time and complex, anisotropic structures nfter the 
aged solution has separated extensively into u lower 
gel-phase (tactophase) and n supernatant sol-phase 
(aetophase) (7.5). The primary and probahly sig¬ 
nificant variable during this aging process is the in¬ 
crease in size of the individual V.,0, crystals (flat 
orthorhombic rods) which form the elements of ull 
anisotropic structures. This steady increase in size 
follows not only from election microscopy evidence 
but also from n continuous increase w f ith time of both 



Fia, S. Electron micrograph or a 24-hour sample of V v O n , showing positive tactohla, * 5,000, 
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Flfi. 4 . Electron inlrrour’ph nf n sjM'c r ineii of h 24 hour 
HRmple nf V B O fl tnctoid, taken at higher magnificat Ion to Show 
directly the structure of and orientation within u dried, posi¬ 
tive tnctold, x 24,01)0, 

magnetic and streaming double refraction in dilute 
solutions tree from structures (fi), and from thorough 
X-ray opticnl investigations (H), pertinent results of 
which are summarized in Table 1. 

TAIlfiR 1 


Dimk.nsions ntr V a O B Thyntalw is ruu.mnAi, Soutiun* 


Age of V a (\-Hol 

c b 

(In Angstrom units I 

H 

Fresh . 

no 

10 

1 1 

2 weeks old . 

inn 

20 

10 

20 years old. 

1000 

100 

Ro 


♦ UpMulte by KetelmiT (H). 


The electron diffraction patterns in Fig. 5 verify 
the crystalline growth for the solutions considered 
here. The patterns taken over the growth interval 


are characteristic of V 2 0 B in all oases; bright but 
broad lines from the early, particulate material (Fig. 
5A), an oriented fiber pattern from the 24-hour speci¬ 
men (Fig. 5B), and sharp, bright lines from a six-day 
specimen (Fig. ftC). The decrea&e in line broadening 
in very pronounced over this short interval. 

The quantitative change in chromatic polarization 
from the center towards the periphery of the original 
factoids, observed with the aid of auxiliary double 
refraction, proves that they are prolate spheroids 
prior to being dried out. What the electron micro¬ 
scope shows, therefore, is tactoids which have col¬ 
lapsed onto the supporting dim, under maintenance 
of the nematic symmetry of orientation of the tnctoid 
elements (Fig. 4). This drastic reduction in the 
thickness of tuetoids during drying is proof, in addi¬ 
tion to ultra microscopic (//i) and interference optiml 
(i) evidence available, that the mutually oriented 
elements of tactoids maintain remarkably large, long- 
range equilibrium distances in the aqueous medium. 
A preservation of the . mutual orientation in dried 
specimens is also indicated by the fuct that electron 
diffraction yields distinct hber diagrams. Fig. 4 
shows the orientation of rods with their long nxir- 
parallel to the long axis of the spindle and the preser¬ 
vation of this oriental ion. 

Fig. 3 and particularly Fig. 4 Hhow variations in 
density across the images of dried tactoids which may 
be due to local coagulation of the rods into larger 
bundles while the tnctoid is drying. On the other 
hand, ultramicroseopy and particularly X-ray analysis 
have indicated that the internal density of the original 
spindle-shaped tuetoids is fairly uniform. 

Occasionally sheaves of rods are found in electron 
micrographs of the dried specimens alopg with or 
instead of the tactoids. Apparently connected with 
this iH the frequently stratified Hspect of the back- 



A B C 


Er<; 5. Electron diffraction patterns uf. V a O B : A three-hour specimen, diffuse, broad tinea; 24-hour specimen, pre¬ 

ferred orientation ; and C-Hilx-day sample, sh irp crystal reflections. 
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Fin. 6. tilt'd run mlcroani|ili of u 72-linur specimen of 
V a O rj( Hhowlnu iicurative factoids, x 20,000. 


ground which can be recognized in Fig. 2 despite tlie 
low magnification iiHed. Such sheaves lire observed 
also in electron micrographs obtained from the fresh 
juice of tobacco plants infected with tobacco mosaic 
virus (T, 13). The polarizing microscope has shown 
corresponding structures in original undried speci- 


TAHI.ti a 

AXIAL ItlTlilH or PllMITIVR ANIi NKUATIVH Tai'TUIDS 
(From elect ran in Ic rugrn phis) 


Type 


Number 

measured 


liimKH 
iif the 
major 
HXlH 111 
ini cron h 


PiiNll-lvt- . 27 2.2 Lo 14.0 

N>Kfttlve . 0 0.2 to n.H 


fl/li 


5.111 to 2.75 
4.0 to l.ti 


mens only if typical tactoids fail to develop. Such 
shenves of tactosol do not have a well-defined bound¬ 
ary towards the atactosol, but they generally extend 
over areas at least the order of magnitude of normal 
tactoids, These sheaves inny be structural intermedi¬ 
ates between typical tactoids and the fttructurea to he 
diaeusaed presently. 

Wyehoff (14) f working with purified tobacco mo¬ 
saic virus protein, shows gold shadow-cast electron 
micrographs of frozen-dried specimens in which sheaf 
formation and stratified background are indicated 


soinewhuL similarly. The meshes observed in frozen, 
dried preparations were interpreted ns negative tac¬ 
toids (sec below); but discrete, positive tactoids, which 
are illustrated in the present work, were not observed. 

Forty-eight hours after preparation extensive ani¬ 
sotropic regions of tuctosol are observed in the light 
microscope, interspersed with elliptical holes filled 
with atuctosol. These holes, first observed by Zocher 
and Jacobsohn and named “negative” tactoids (1) are 
preserved during drying of the specimens (Fig. 6). 
The range of their axial ratios is similar to but leas 
than that of the “positive 1 ' tactoids as shown in 
Table 2. 

Prior to drying, these anisotropic structures aiv 
characterized under the polarizing microscope by a 
parallel orientation of the individual crystals with 
respect to the differential symmetry axis of the volume 
element. In contradistinction to a positive tactoid, 
there is no symmetry axis for the entire structure. 
Instead, the differential symmetry axis curves or sud¬ 
denly changes direction. Kxcepl tor minor artifacts 
and structural distortions, the, electron micrograph is 
in agreement with the evidence obtained from double 
refraction. The electron micrograph dearly shows a 
transition of the taetosol towards a curving and occa¬ 
sionally interlacing fibrous structure. At the higher 
magnification of x 120,000 it is found that the indi¬ 
vidual fibers have a width of 65 A or less. Such fiber 
structures of V 2 O n exhibit a positive double re (ruc¬ 
tion, and since the individual crystals also exhibit 
this, it follows that the fibers must have n nematic 
structure. 

This trend towards a fibrous structure is accentu¬ 
ated with further aging, as is shown in electron uiicro- 



FtO. 7. tiled urn micrograph of a shadow-cant, 30-day 
♦ample, which shows tbs trim*verm structure In the rod-1 Ike 
crystals, x 120,000. 
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graphs obtained from the tactophase after aging for 
30 days (Fig- 7). The equivalent in the polarizing 
microscope is a mosaic pattern of bircfringcnt areas 
whose size is below the resolving power of the micro 
scope. The electron micrographs agree with this 
basic type of structure in the sol. 

As to the other interesting details brought out with 
high magnification and shadow casting in Fig. 7, it is 
not possible at the present time to decide whether these 
are characteristic for the dried specimens nlone or also 
for the originals. The outstanding characteristic of 
these details is a transverse structure, particularly at 
the arrow. In the shadowgram this structure is re¬ 
peating, with ridges 05 A wide and intervening valleys 
35 A wide. Perpendiculnr to these dimensions, the 
average width of the fibers themselves is 300-400 A. 
The width of the ridges is compatible with the length 
In he expected from the data in Table 1 tor the indi¬ 
vidual V a 0 5 crystals in sols of this age. On this 
hypothesis, each ridge defines an array of crystalline 
particles oriented parallel to each other and also, 
though with considerable less regularity, parallel to 
the fiber axis. An orientation of the crystal rods 
perpendicular to the fiber axis, assuming that the rods 
have a length of 300-400 A, is less likely but is not 
to be excluded. The possibility thaL the fine structure 
of Fig. 7 may not he representative of the original 


structures in the liquid medium imposes even more 
reservations upon "a tempting further comparison be¬ 
tween this transverse structure and the fine structure 
of collagen fibers, shown by electronniicroscope (5). 

A freehly prepared solution of V a O B is kuown to 
exhibit Newtonian flow. On aging, anomalous (elas¬ 
tic) flow is observed. Finally, the tactophase acquires 
the typical consistency of a gel-phase. These rheo¬ 
logical changes, which accompany and nre the result 
of the development and subsequent transformation of 
the anisotropic structures discussed, add further sup¬ 
port to the concept that taetoids (geloids) may be the 
primury elements responsible for gel formation, at 
least in those systems where no chemical cross-linking 
occurs (.5). 

In conclusion, it is worth pointing out that no 
effects of electron bombardment upon any of these 
specimens wore noted even under a biased gun at high 
intensity. This contrasts with the observations pub¬ 
lished earlier concerning the effects of electron bom¬ 
bardment upon “young" elliptical particles which 
form the elements of smectic taetoids of W() a (i£), 
and also removes any possibility that the structures 
reported here are pseudostruclures introduced by elec¬ 
tron bombardment (11), 

[This work was supported in part hr) a prant of the 
Research Corporation to Wupne University.] 
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Alleviation of Experimental Diabetes in 
Man by Administration of Reduced 
Glutathione (GSH): Metabolic 
Implications 1 

Jerome W, Conn, Lawrence H. Louis, and 
Margaret W. Johnlton 2 

Metabolism Research Laboratory , 

Department of Internal Medicine t 

University of Michigan Medical School , Awn Arbor 

It bus born reported from thin laboratory (1, .?) Unit 
a Htate of metabolism similar to tliat observed in clinical 
diabetes mcHitus can be produced in nor mill men and 
women by tin; administration of suitable amounts of puri- 
fl**d prepnrations of pituitary ;t(lieiincnrticotiopic lior- 
inoiiH (AOTHj, The condition produced is characterized 
by sustriined glycosuria and hyperglycemia, glucose toler¬ 
ance curves characteristic of the diabetic state, and rclji 
tire resistance to the hypoglycemic effect of exogenous 
insulin. During administration of ACTFI the developing 
diabetic atnte is aceuiiipnnioJ by a dec ran sing concontra- 
tion of blood glutntbione (*?). Hecnuse of a temporally 
rclutcd upheucal of purine metabolism (the precise na¬ 
ture of which remains unki4wu) which is manifested by 
a sustained increase of urinary uric acid, we have hy¬ 
pothesized that a purine metabolite, exerting an ulloxun- 
like effect, is responsible for reducing the intracellular 
availability of free sulfhydryl (—HH) groups, which are 
necessary for normal activity of many enzyme systems; 
Hint tlu* combination of decreased intracellular concen¬ 
trations of —HTI and increased intracellular concentra¬ 
tions of purine metabolites impairs functional activity of 
the insulin-producing cells of the pancreas (the product 
of which is a protein rich in cystine) and also inter¬ 
feres with peripheral glucose utilization by inhibition of 
those enzyme systems which require free —SH groups. 

In addition to hyperglycemia, and contributing to the 
degree of glycosuria, is«the effect of ACTI1 ill decreasing 
renal tubular roabsorption of .glucose. This easily fol¬ 
lowed phenomenon can bo assigned with reasonable justi¬ 
fication to inhibition of an enzyme within the tubular 
epithelium. 

An extensive metabolic balance study (30 days) whs 
made upon a normal yoving man to determine whether 

l Th|s wotIi represents pnrt of n projert financed by the 
Research Grants and Fellowships Division of the U. B. Public 
Health Service. 

•We wish to acknowledge the valuable assistance of Frank 
H. Bethel], assistant director of the Simpson Memorial Insti¬ 
tute, la the performance and Interpretation of the hemato¬ 
logic*] studies. 


or not large a mounts nf GHH administered intravenously 
would reverse (despite continued ACTH administration) 
nn a heady established hyperglycemia and glycosuria, 
After an 8-day base-line period, ACTH'-* (OH mg/duy. 
Armour Standard) was given in equal doses every 6 hrs 
for tlie following fl days, On the fourth dny of A(Tlf. 
pure reduced glutathione (buffered to neutrality and put 
in solution and into sealed glass containers under nitro¬ 
gen) was given intravenously in the following amounts: 
H gni at H a. m., 4 gm at 1 p. m. und 4 gm nt 2 p, ni. On 
the sixth day of ACTH, 4 gm more of GSH were given 
at 2 p. in. The post-ACT II balance study was continued 
for the next 16 days. In addition to 24-hr balances 
throughout, blood specimens were obtained hourly from 
H a. in, to 4 p. in. daily, and urine specimens were col 


TA11LH 1 


Dny nf ACTII 

1 


3 

(■Nil * 

(4) 

n 

0 

Fuming blond nii^'H r 
(mg/100 cc) . 

71 

78 

10B 

124 

i:j4 


blond sugar—average 
nf 0 n. in., 2 p. in., M 
p. in. (nig/100 cc) 

11 r. 

105 

1N4 

157 

204 

licit 

t rim* sugar 8 a. in.-4 

p. 111. ( gillH ) . 

1.0 

5,1 

14.7 

M 

in ,2 

24. H 


* (iHII : u din In 1 n I ered nl H n. in., 1 p. in., mill 2 p. in. on 
day No. 4. 

t V ill lies fur tills n voriige ure HIM nl 0 n, in, ; 201 al 2 
p. m. ; mid lilt nt 3 p. in. tiSll administered mice on this 
(1 y nl 2 p. in. 

lertnd every 2 hrs from N a. in, to 4 p. m. for 11 eon 
secutive days which included the H-day ACTH period, A 
huge number of determinations other than those relating 
to carbohydrate metabolism were made upon these 
samples. 

Renal glycosuria occurred on tins first dny of ACTH. 
Hyperglycemia became evident on the socond day and 
continued with increasing intensity through the entirr 
ACTH period except during the intervals when G8II 
was administer! <1. The reversal w r as dramatic but tran¬ 
sitory, lusting 1-2 hrs after each injection of GHH, 
Moat striking were (1) sharp elevation of the renal 
threshold for glucose and (2) a fall of the blood sugar 
level. These phenomena resulted In glucose-free urine 
during each hour immediately following administration 
of GSH, Table 1 summarizes the influence of GSH 

■ We are Indebted to John R, Mote, The Anhour Labora¬ 
tories, Chicago, Illinois, for the purified ACTH used lu these 
studies. 

* Both blood and urine glucose were determined by tbe 
Homogyl procedure as modified by Nelson (i). 
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(during its effective period) upon glycosuria and hyper¬ 
glycemia produced by ACTRA 

The effect of G8H in HimultuntMiusly reversing At'TH- 
induced hyperglycemia and renal glycosuria seems nil the 
more striking since sudden cessation of glycosuria would 
be expected to result in further increase of hyperglycemia 
were the rate of utilization of glucose not significantly 
increased or the supply to the blood significantly de¬ 
creased. Hince a severe degree of negative nitrogen bal¬ 
ance remained uninfluenced by G8H, decreased glyconeu 
genesis from protein was probably not a factor. That 
hepatic glycogenolysis mny have Ikjch inhibited remains 
as u possibility to explain the foil of blood sugar. 

Hince G8H inactivates insulin in vitro, such an effect 
in- vivo should have raised the blood sugar level. If this 
occurred to any degree, its effect wuh minor as compared 
with those forces which produced an actual fall of cir¬ 
culating blood sugar. 

Also observed were other metabolic reversals of major 
significance. Among the most striking was a profound 
change in the number and character of the circulating 
white blood cells. This remarkable change, which lasted 
1-2 hrs, was opposite in direction to the effects which we 
have observed repeatedly in normnl people receiving 
ATTH for a number of days (4), These findings arc 
being reported in detail elsewhere. 

Not all of the metabolic effects of increased adrenal 
curticoid activity were reversed by administration of 
GHII. This indicates that reversal of those metabolic 
effects which responded to GNH was not by virtue of a 
block in steroid production. It seems likely flint the 
changes are due to improved performance of those sys¬ 
tems which require free sulfhydryl groups for their nor 
mnl function. This appears to hi* the case with respect 
to (1) renal tubular realmorption of glucose, (2) the 
systems involved in utilization of glucose, and (3) the 
systems responsible for production and release of white 
blood cells. 

It is believed that the results reported give added 
weight to our hypothesis. The forces at work in the 
early stages of the development of human dialietes may 
be very similar to those described in this and in our 
previous studies. Of somewhat broader significance are 
the implications with respect to abnormalities of metabo¬ 
lism generally. Hormonal control of enzymatic processes, 
mediated via independent effects of the same hormone 
upon other systems, appears to be n fertile field fur 
future investigations. But it implies the necessity of 
establishing technics which can be npplied in the intact 
animal or man. 
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Production of Acute Gouty Arthritis by 
Adrenocorticotropin 1 

Leon Heilman 

Medical Dit/iiion, Mamtefiorn Hotpital, New York City 2 

It has long been known that attacks of acute gouty 
arthritis can be precipitated by exposure to nonspecific 
stresses su^h as trauma, infection, operation, chilling, 
foreign protein therapy, X-radifttion, and niHny other 
stimuli. These stresses have been shown to produce a 
syndrome of increased adrenal cortical activity (,5 ) and 
associated biochemical and histologic changes, commonly 
referred to as * * the ulnrm reaction'* (4), 

It is likely that all forms of nonspecific stress call 
forth increased adrenal cortical activity through a com¬ 
mon pathwuy. This pathway is increased secretion of 
pituitary adrenocorticotropin (A('TH), which in turn 
stimulates the adrcnnl cortex (4). 

ACTH lias therefore been given to four patients with 
gout and has precipitated three attacks of acute gouty 
arthritis in five trials. The entire syndrome of electro¬ 
lyte and water changes observed to occur with the acute 
attack of gout (7) has also Ihmui reproduced by the 
administration of ACTH. 

In addition, since it was shown thnt the attack of gout 
follows a phase of relatively decreased ndrenal cortical 
activity, the administration of A('TH to two patients 
during an attack of acute gouty arthritis produced a 
prompt disappearance of the acute arthritis. This aspect 
of the action of AOTH resembles tlmt of colchicine, which 
relieves the acute attack of gfcut and Is a potent stimulus 
to increased ndrenal activity (£). 

Three of the four patients were studied on a metabolic 
ward and received diets of known composition. After a 
coiitrnl period of four days, 150 mg (equivalent to 
Armour standard) AOTH 3 was given by intramuscular 
injection each day in divided doses for four days. 

Control serum uric acid wan elevated in all patients. 
During the administration of ACTH, there was an in¬ 
crease in urinary uric acid and nitrogen and a decrease 
in sodium and chloride excretion. Three patients had 
glycosuria of one to three gm daily. In two patients, 
there was a significant increase in glomerular filtration 
rate, renal plasma flow, and uric acid clearance (f). The 
circulating eosinophils disappeared while AOTH was be¬ 
ing given. 

For three days following completion of the AOTH 
injections, there was an excretion of sodium and chloride 
considerably greater than the control values while the 
uric acid excretion returned to the control value. The 

A Thla paper was presented during the Graduate Fortnight 
of the New York Academy of Medicine, October 1B47. The 
work was supported by grnnU from the l T , 8. Public Health 
Service and the Alice G. Bachs Fund. 

■ Present address; Hlnau-KetterJng Institute For Cancer 
Research, New York. 

1 Supplied by The Armour Laboratories through the kind¬ 
ness of Dr. John R. Mote, Medical Director 
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increased electrolyte excretions may be interpreted as a 
phase of decreased adrenal cortical activity due to with- 
draws! of the AOTH. 

The attacks of acute gouty arthritis began during the 
third und fourth days of the postinjertion period, when 
the electrolyte and water diuresis was almost completed, 
Each attack resembled the clussic picture of acute mono¬ 
articular arthritis. The two patients who did not develop 
unite arthritis nevertheless exhibited similar changes in 
urinary excretion during and following the administration 
uf AUTTT, This sequence of electrolyte changes ill gouty 
patients has previously been described as "the gout 
cycle" (6). 

In two attacks, one of which had been provoked by 
A ('Til mid the other by a mercurial diuretic, 200 mg 
Af’TH given over a 36-hour period starting on the first 
day of the attack was followed by u disappearance of 
joint signs within 48 hours after the injections were 
completed. Untreated attacks of acute arthritis in these 
patients lind previously lasted 10 to 14 days. The in 
creased electrolyte excretion following the mercurial 
diuretic mimics "the gout cycle" mid in this in miner 
may be involved in precipitating the attack of acute 
arthritis. 

The results suggest that stimulation of adrenal cortical 
function is the common pathway in the precipitation of 
acute gouty arthritis by nonspecific MtresH and that 
pituitary adrenocorticotropin may be useful as a provoca¬ 
tive and therapeutic agent in gout. 

Since this work was completed, similar results have 
been reported in one patient (.?). 
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A Simple Method for Welding 
Thermocouples 

Junes A. Riley 

faction of Nturo-Anatomy, 

Ydlo Univortity School of Hsdicinc 

The use of thermocouples in physiological problems, 
for auch purposes as recording respiration or blood flow, 
necessitates the use Of very small wires which often are 
very difficult to solder ot bTaze by conventional methods. 
■Furthermore,- the sensitivity of the thermocouple is de¬ 
pendent on the type of Joint, for a largo juncture allows 


local currents of considerable magnitude to flow, thus 
reducing the effective voltage output. The introduction 
uf foreign metals in the soldering or brazing process sets 
up contact electromotive forces with the same deleterious 
effects. 

These metals may be welded, however, by the method 
to be presented here. The materials ncessary are shown 
in Uig, J, Tt is simply p metal cup containing a few 



F/G-J 

millimeters of mercury under about 2-3 cm of oil. Min- 
ernl oil or 10-30W motor oil may be used. In the ap¬ 
paratus now in use in this laboratory, the cup consists 
of the inverted metal shell of u vacuum tuU* with a grid 
cup (6J7). The cup is connected to one side of the 
d-c main, and the thermocouple wires to the other aide 
through a series resistor as shown. The thermocouple is 
then moved down to touch the surface of the mercury 
und withdrawn. Welding is accomplished by heat from 
the arc formed ot the moment of contact with tho 
mercury. A "buzz" accompanied by slight boiling in 
the oil layer signifies good contact. The size of the 
series resistor depends on the size of the wires to be 
welded, as a larger current will be required for larger 
wires. We use a 400-w heating clement for 0.3 mm iron- 
constuiitaii couples. A little experimentation will quickly 
show the optimum value of current, as too much current 
causes burning of the wires with a large junction, and 
too little current does not weld at all. 

The method of preparing the wires for welding is bb 
follows: They are first twisted tightly together for a 
distance of several millimeters; the distal end of the 
twisted junction is then cut off so that only a turn or so 
remains. The wires are now ready to weld, and after 
welding they may be untwisted if any of the twisted 
portion remains unf used, so that the wires are joined only 
by a small ball of fused metal. This ball should be as 
small as possible, without sacrificing the strength of the 
joint. 

This method has been utilized with iron-constantan, 
platinum-platinum-rhodium, chrome]-alumel, and copper- 
constantan couples, with wire sizes from 0.1 mm to 4 mm. 
A larger cup with more and heavier oil is required for 
the larger wires, The circuit should he fused in all easea. 
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Secretion of Radioactive Calcium 
in the Hen’s Egg 1 

C. L. Comar 2 and J. Clyda Driggen 

Florida Agricultural Experiment Station, Gainesville 

The availability of pile-produced 0a M has facilitated 
investigation nf the economically and fundamentally im¬ 
portant problem of the accretion of this element in the 
hen's egg. Approximately 1 mg of calcium ns a solution 
of the chloride, with an activity of 15 p.c, was admin¬ 
istered into tile lower esophagus of the fasted bird. For 
n period of 20 days after dosage, each egg laid was ana¬ 
lyzed for total calcium and On 4 ’ 1 uptake in the yolk, white, 
and shell. 

The entire yolk was wet ashed with concentrated UNO.,, 
the solution evaporated to near dryness, the fat removed 
with ether, mid the dried residue ashed at 750° C for 8 
hrs; the ash was dissolved in dilute Hl’l and the calcium 
precipitated as the oxnlnte (£). The white was treated 
similarly, except that the ether extraction was omitted. 
The shell wns wet uslied in concentrated HNO :; , the solu¬ 
tion evaporated to near dryness and prepared directly for 
the oxalate precipitation step. The calcium oxalate wns 
collected on filter paper over a uniform aroa for measure¬ 
ment of total calcium hy weight mid of radioactivity with 
a thin inicu-w r indow Geiger counter (f). Self-absorption 
and deeny corrections were made in the usual maimer. 



Fin. J. Percentage of Cn ,n . fed ns a single dose, 
appearing In shell of successive eggs. 

Single dosage studies were made with two birds and a 
multiple feeding trial with another; the results were in 
fair enough agreement, so that for clarity data from only 
one bird are presented. Fig. 1 shows the percentage up¬ 
take of administered CV n in the shells of the successive 

1 Published with the permission of the director of the 
Florida Agricultural Experiment Station. The Cn« was ob¬ 
tained from the Oak Ridge National laboratory on allocu¬ 
tion from the Atomic Energy Commission. 

■Present address-. University of Tennessee, Knoxville. 


eggs. In an egg laid 15 min after dosage, the shell con¬ 
tained a detectable amount of the labeled calcium repre¬ 
senting 0.07% nf the dose. it was observed that the 
shell of the 24-hr egg contained 30-35% of tho dosage, 
the values thereafter fulling sharply and leveling off »t 
about 0.5%. It is considered from the time factor anil 
the constancy of the values that the labeled calcium 
found in the shells after the fourth day Touched there 
via the body stores. 



l-'iu. 2. Percentage of On“, fiul u single dose, 
appearing In yolk nmJ white of successive eggs. 

Fig. 2 shows the percentage uptake of administered 
Cn lft in I ho yolk and w hite of successive eggs. No labeled 
calcium was detected in the yolk und white of an egg laid 
15 min after dosage, In the 24-lir egg it was noted that 
the white contained about 70 times ns much CV r ’ as did 
the yolk, which probably reflects the prior maturity of 
the latter. The situation whs reversed In tho egg laid 
at 48 lire, and thereafter the yolk nlways showed a some¬ 
what greater accumulation of labeled calcium than did 
the wdiite. The total percentage accumulations in the 
yolks, whites, and shells of the 14 eggs collected after 
dosage were 0.7, 0.2, and 40, respectively. This ciuphn 
sizes the ability of the hen to incorporate a large per¬ 
centage of tho ingested soluble calcium into the shell of 
the egg. It was calculated from the total dietary calcium 
intake und output in the eggs and the reported data that 
a maximum of from 60 to 75% of the calcium in the egg 
reached there directly from the ingested calcium, the 
remainder probably being drawn from the body stores. 
Bone analysis at the termination of the experiment indi¬ 
cated that considerable skeletal storage had occurred; 
the left pubis contained about 1 pg of labeled calcium/ 
gm of bone. About 0.005% of the dose was found in 
the blood at termination. 
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Scacistical Data on Glacial Boulders 1 

Gerald A. Waring 

V. S. Geological Survey, Lincoln, Ne brat La 

While doing field work in the Janies River area in 
eastern Houth Dakota and in the Crosby Minot area in 
northwestern North Dakota, both of which arena are 
covered by glacial drift, the writer recorded the distribu¬ 
tion of boulders as a help in mapping sninll moraines 
that might have a significant relation to the occurrence of 
shallow ground water supplies. 

There are, of course, many more small boulders than 
large ones. The total number in each area examined Was 
too great to l»e easily recorded, but all boulders noted that 
were 4' long or longer Were in ensured. On grouping the 
measurements into half-foot sizes it wns found, as could be 
expected, that, the number in eueli group Increased rapidly 
with the deercuse in size. For boulders between about 4' 
and 9' in length the rate of change seemed to follow 
nearly a mathematical sequence. The number of boulders 
more than 9" in length wns too small to form groups 
showing such a regular change. .J. H, Mortic, Jr., eon 
aiders that, within the size limits measured, the data 
suggest some, logarithmic law of distribution (written 
communication). When plotted on semi logarithmic paper 
I he numbers lay nearly along a straight line, as shown 
in Fig. 1. The rate of increase seems to be nearly the 
same in each of the two areas examined, as the plotted 
lines are nearly parallel. Partial calculations have in¬ 
dicated tliut size-groups based on the product of the three 
principal dimensions of the boulders would give a similar 
mathematical scries; perhaps because the great majority 
of the boulders are of approximately the same shape, 
being roughly ovnl in both transverse and longiludinal 
cross sections. 

The uverugo number of boulders 4' long or longer to the 
square mile is nearly twice kn great in the James River area 
as in the Crosby-Minot area. In the James River area, 
however, boulders less than 4* long are not very plentiful, 
and piles of cobbles are uncommon; whereas in the Crosby- 
Minot nron small boulders mid great piles of cobbles in 
the fields and road corners are very common. An attempt 
to extrapolate from the observed data, in order to estimate 
the number of boulders 2'-4' in length that might be 
available for riprap on irrigation works, seemed to be 
of doubtful value because of the scarcity of HTnull boulders 
in the James River area nnd the rapid increase in their 
number with decrease in size in the Oosby-Minot area. 
In the latter area, the tendency for the number to increase 
more rapidly with smaller size may be indicated by the 
fiUfi boulders 4.0' to 4.4' long that were noted, as this 
number is greater than it should be to accord with the 
number in the larger size groups. 

ft. F. Flint has found that in glaciated areas tho 
proportion of large boulders increases as the age of the 
drift decreases and that thU seems to hold true from the 

1 Published by permission of the director, U. 8, Geological 
Hurvwy, Washington, P, C, 


Nebraskan through the late Wisconsin drift. Hu hus also 
found that deeply weathered boulders are usually as¬ 
sociated with the earlier ages of drift (written com¬ 
munication). The distribution of boulders in parts of 
Ohio was recorded by R. P. Ooldthwnit as a help in tracing 
minor moraines (oral communication), 

Studies of glacial drift, based on the percentages of 
pebbles of different sizes in the gravels, have been made; 



AVEaaoe lensth m feet, n half-foot size oroups 


Fm. 1. Number of glacial boulders of dlUVrenl size- 
groups in ureas In South Dakota and .North Dakota. 

but the writer has not learned of any statistical studies 
that may have been made on the number of boulders of 
different size-groups in areas of glacial drift. However, 
studies of similar logarithmic sequence in the sizes of 
crushed materials have been made by Austin (7), who 
mentions that the mathematical data may be applicable 
to the determination of concrete aggregates; by Roller 
(5>j and .by Epstein (5), who has applied them to the 
sizing of coke. The mathematical sequences present in 
many natural phenomena have been commented on by 
Sawyer (4), who states; ** It is indeed remarkable how 
much of the physical world, amid the conflicting action 
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of a great variety uf unconnected forces, can be described 
by the simplest mathematical function, x* and e*. f ' 

TABLE 1 

Sizes of glacial boulders 


Boulder length 

James River 

CroHby-Mlnol 

(feet) 

area* ^ 

areaf 

4.0 to 4.4 

615 

826 

4.5 “ 4.0 

377 

355 

3.0 M 5.4 

232 

212 

5.5 " 5.0 

121 

142 

6.0 " H.4 

103 

83 

0.5 14 0.0 

55 

51 

7.0 M 7.4 

34 

27 

7.5 ■* 7.9 

21 

23 

8.0 ,4 8.4 

20 

14 

8.5 M 8.9 

4 

7 

9.0 

N 


9.1 


-1 

9.2 * 


1 

0.9 


1 

9.5 

rt 

6 

9.0 

l 


10.0 

7 

1 

10.2 

1 


10.5 

2 

:\ 

10.7 

1 


10.8 


1 

11.0 

1 


11.2 


3 

11.3 


1 

11.6 


1 

12.0 

J 


13.0 

2 

1 

13.5 

1 

1 

16.0 

1 


17.0 

1 

1 

Totals 

1,015 

1.703 


Rock types of glacial boulders 

James River area (’rosby-Mlnul area 


Number of Pereeut Number of Percent 



boulders 

of total 

boulders oftotHl 

rani te 

1,481 

91.7 

1,084 

01.5 

Granitic gneiss 
Very hard horn 

54 

3.3 

476 

27.0 

blende-hlotlte 





gneiss 

40 

2.5 

**L 

2.4 

Garnet scUInI 
Paleozoic lime- 



14 

OH 

stone 

Very hard sili¬ 

30 

1.8 

99 

5.6 

ceous sandstone 



32 

1 . H 

Basic igneous 
rock 

Greenstone 
Tertiary sand¬ 

7 

0.7 

8 

0.9 

stone (Fori 
Union form) 

o 


7 


Totals 

1.015 

100.0 

1,763 

100.0 


* James River area, 1,170 square miles examined : Hverage, 
1 boulder to 0.73 square mile. 

t Crooby-Mliiot area, 2,000 square miles examined : average, 
1 boulder to 1.47 square miles. 

More than 90% of the large boulders in each area are of 
granite, gneiss, and schist, and nearly all are of hard, 
unweathered rock. No large weathered boulders were 
seen In the Otds by-Minot area, but 10 large boulders of 
deeply weathered granite were recorded in the James 


River area. Table 1 shows the number of boulders of 
each size-group and the kindN of rock in each area. 
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Characteristics of the Desoxycholate- 
treated Cytochrome Oxidase 1 

S. J, Coopersiein, J B. Eichel/ and W. W. Wiinio 1 

Department of Pbytiology, 

New York Uuivereity College of Denthtry 

In 1947 the authors reported the preparation nod 
partial purification of a solubilized cytochrome oxidase 
(9). This article is concerned with its further char 
ncterieticH and the methods employed in nu attempt In 
purify the desoxycholuto-treated cytochrome, oxidase. 

Physical appearance : The insoluble cytochrome oxidase 
complex (7, 5) is tan, opaque, and particulate in up 
peumnec. A pnrtinllv purified preparation (2-3%), 
made as previously described (777), is clear to the nnked 
eye and light yellow in color. 

Lyophilization ; All of the desoxycholutc trented oxi¬ 
dase preparations reported in this and in previous papers 
may be lyophilited from the frozen state and stored Ht 
0° without loss of activity. 

Variations in Q 0 ^ protein; The partially purified 
preparations from lamb heart vary in their activity by 
as much as 35%, having protein values ranging from 
1,500 to above 2,000 when tested with the hydroquinone 
system previously described (10). These variations may 
be ascribed in part, at least, to the amount of protein 
in the insoluble cytochrome oxidase suspension which 
seems to be directly related to the amount of sodium 
desoxycholate that must be used for the first extraction. 

Gel formation; The preparation of the partially puri¬ 
fied enzyme Is often made difficult by the formation of a 
gel. This gelation seems to he a property of the desoxy¬ 
cholate when dissolved in phosphate buffeT (7, 0). The 
oxidase activity is not impaired, however. If the Anal 
supernatant is left to stand at 0°, it will invariably gel. 
This gel may be liquefied by simply warming the tube in 
the hand. 

Denaturation on stan-dinp: A partially purified prepa - 
ration (1.5-3%) has been kept at 0° in both the con- 

1 Aided by a grant from the John und Mary K. MarkJc 
Foundation, 

1 Present address : Department of Anatomy, Western Re¬ 
serve University, Cleveland, Ohio. 

* Present address : Bureau uf Biological Research, Buggers 
University, New Brunswick, New Jersey. 
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centra ted form (yelled) and diluted form for 6 days 
without loss of activity. When tented on the tenth day, 
after bacterial contamination was marked, the concen¬ 
trated preparation allowed no loan in activity and the 
dilute preparation a 30% loss. 

Tn view of the Iona in activity of the insoluble cyto¬ 
chrome oxidase complex when tested in n system involving 
the oxidation of n-glucoae by added D-glucose dehydro¬ 
genase protein, dipliogphopyrldine nucleotide, and cyto¬ 
chrome C- (.1), it is particularly interesting to note that 
the insoluble oxidase preparations discussed above showed 
no significant loss in nctivity in 13 days when tested 
with the liydroqui none system. These observations sug¬ 
gest that a factor is destroyed in the aging of the in¬ 
soluble cytochrome oxidase complex which is necessary 
for the oxidation of D-glucose by the previously mentioned 
system, but which is not required for the oxidation of 
hydroquinone. 

TABLK I 


TemiMTntnre 

(“D 

<4o 2 Protein 

Loss In 
activity 

<%) 

Uulieu led 

21 HO 


40 

lino 

53 

45 

710 

67 

50 

460 

79 

r.r, 

150 

93 

60 

0 

100 

Heat stability ; 

Tuble 1 shows the 

destruction of enzy 

matic activity at 

a relatively low 

temperature. There 


was no visible precipitate in any of the tul>e,H after the 
partially purified and diluted (1:25) preparation (2- 
3%) had been heated for 5 min at the temperatures 
noted. The tests were made as previously indicated 
( 10 ), except that semieurbuzidc (0.3 ml of a 0.1 M solu¬ 
tion) was used as a ketone fixative. 

Tn another experiment, neither the insoluble nor the 
partially purified preparation suffered any loss in activity 
after being heated for t hour at 37°. 

pH optimum : Preliminary experiments indicate that 
the oxidation of reduced cytochrome 0 by a partially 
purified, lyophillzed preparation (2-3%) occurs most 
rapidly at pH 7. The 0,05 M buffers used and their pH 
values are as follows: acetate, pH 5.04; phosphate, pH 
7.0; phosphate, pH 7.95; borate, pH M; glycine, pH 
11.05, 

The methods used in an attempt to purify the oxidase 
are as follows: 

Dialysis: Dialysis for 1H or 24 hrs does not signifi¬ 
cantly alter the activity. However, in an experiment 
where a 1.5-5% preparation was used in both the con¬ 
centrated and the dilute (1: 25) form, there was a con¬ 
siderable precipitate at the end of 3 days of dialysis (the 
water being changed each day) and the preparation was 
Inactive. A crude test showed little or no desoxycholate 
to be present. Added desoxycholate dissolved the pre 
cipltats but did not restore the activity. 


Other experiments indicate that it may bo possible to 
remove the desoxycholate without too great a loss in 
activity by dinlyzing against 0.01 M KH^POj-NUjHPO, 
buffer of pH 7.4 or nbuvu. This is being further in¬ 
vestigated. 

Centrifugation : Tn 1944, Haas (4) reported the sepa¬ 
ration of his cytochrome oxidase preparation into 2 com¬ 
ponents by centrifugation lit 10,000 rpm for 2 hrs. This 
separation 1ms been reviewed by Kcilin and Hartree (ft’j. 
Our experiments demonstrate that even the dilute prepa 
rations (1: 25) can be centrifuged at 20,000 x g for 2 hrs 
without uny indication of u separation of components. 

Effect of pH: The pH of our partially purified prepa¬ 
ration (1.5-2%) is approximately H. By gradually low 
ering the pH of u diluted sample with HCl, we find that 
at pH 0.2 the activity is still in the supernatant (slight 
precipitate removed), while at pH 5.78 the partially in¬ 
activated enzymes are in the precipitate together with 
the desoxycholate. 

Use of alcohol: A 0-4% preparation can be partially 
purified by fractional precipitation with ethyl alcohol. 
Preliminary experiments on a lyopkilized, partially puri¬ 
fied preparation (1.5-2%) show thnt no visible precipi¬ 
tate forms with ns much as 80% of alcohol at 0°. This 
concentration of alcohol completely destroys the oxidase. 

Effect of ither: It was assumed, as previously sug¬ 
gested (7t)) f that the oxidase complex might be a lipo¬ 
protein. An attempt was made to separate the lipoidul 
component by the use of ntlivl ether, The activity of a 
partially purified oxidase (1.5-2%) was completely de¬ 
stroyed by washing with ether. 

Preferential notability in sodium desoxycholate: it huH 
been shown (10) that the addition of n small amount of 
desoxycholate (1.5 or 2%) to the insoluble preparation 
dissolves proteins of low activity, whereas larger amounts 
of desoxycholnte (3 or 4%) dissolve active proteins as 
well. It was on this observed differential solubility of 
the active and inactive proteins that the partial puri¬ 
fication was based. It seemed possible also that the 
various components of the oxidase complex could be sepa¬ 
rated by successive additions of small amounts of desoxy- 
cholnte. Favorable results have been obtained by the 
use of this method, and a preliminary report has been 
presented (£). 

RflfanncM 

1. Hattkmj, F., aud Ntkhn. 1,. ftiurhem, 1912, 40. 

317, 343. 

2. Eichhl, B., Cooihcmtuin. N. J., ami Wainio, \V. W. 

Biol. Bull, 1948, 96, 2H9. 

5. MiCHim, B., and Wainio, Wj W. (Unpublished. I 

4. Haas, JC, J. biol. Chrm.. 1944. 169, 005. 

5. KtsiMN, 9., and Hahtrrh, K. F. / J rnc, roy. Bor. I,and., 

193K, BIAS, 171. 

fi. Krilin, D,, nod Hart her, K. F. Rlovhtm. J., 1947, 41, 
BOO. 

7. Hohotka, IT., and Bujch, K. Tnnn, m>. Binvbem*. 194,3. 

19, 43. 

8. Vlks, J. C. Compt. rend., 1089, 908, 050. 

0. Wainio, W. W,, Ooophrstrin, 8. J., Kolijcn, and 
Kichrl, B. Rcicnet, 1047, 100, 471, 

10. Wainio, W. W., Uoophhtein, H, J„ Koi.mon, H t) and 
Kicr«l, B. i. blot. Vk#m„ 1048, 173, 140. 



SCIENCE 


March 18, 1949, Vol. 189 


28 <i 


The Analgesic Action of Teropterin 1 

Donald Slaughter 


Flow in a Thin Glass Capillary as Affected 
by Wetting the Exterior of the Capillary 1 


Department of Physiology and Pharmacology, 

University of South Dakota School of Medicine, 

Vermillion 

In 1947 Fnrbev and lii.n nssnrijites ( t !) indicated that 
teropterin, when ndininlstertul to patients suffering from 
various forms of emiccr, made it possible in Home in¬ 
stances to reduce the amount of analgesia required. This) 
indicated that teropterin po Hi'Nsed n certain amount of 
pain-relieving activity. Leliv, ft al (f) stated cate¬ 
gorical])’ that ''Our clinical observa Mutts indicate that 
the drug is nontoxic in the dosage given. Pain won 
relieved in most instances, if not nil, by the use of 
teropterin. This obviated, in the main, the necessity for 
further use for ophites with their concomitant depres 
sive effect.’ 1 

These cliuicnl obsorvatiimH on the analgesic property 
of teropterin were of interest in our laboratory, and we 
decided to prove or disprove the pure pain relieving 
activity of this drug. 

Twelve experiments on primedicul students were per¬ 
formed, using a modified Wolff-Ilardy-Goodell technique. 
Knch one of the subjects received n 20-mg dose of 
teropterin injected intramuscularly. Neither the oper¬ 
ator of the pain threshold apparatus nor the subject whs 
cognizant of the nature of the drug that wuh injected, 
since all doses were administered by a third individual. 

A definite rise in the pain threshold response was ob¬ 
served 15 min following the injection of 20 mg of 
leroptorin. Oil an average, the peak of the effects 
were reached in 70 min and lasted for 13.5 min. Terop¬ 
terin produced a 6.6% rise in pain threshold when the 
peak of the effects were reached, Tn each instance the 
experimental data showed that the effects were always in 
the same direction. This fact made it clear to us that 
teropterin was actually producing n true analgesic effect. 

The results on 12 subjects definitely ^indicate that 
teropterin causes analgesia ns interpreted by a rise in 
jiain threshold in man, This confirms the clinical ob¬ 
servations thus far reported. Contrary to the sense of 
well-being and some slight euphoria as was noted in those 
patients with cancer who received teropterin, wo did not 
observe any of these effects.' Nansen and other sub¬ 
jective symptoms were also lacking. 

Teropterin possesses true analgesic action when tested 
on the normnl human subject. This activity should It 
of value in reducing the amount of sedation needed ivlr.ni 
teropterin is used clinically. 

VLoioronco* 

1. Fadrkii. (Sidney, Cotleh, Ulliott (\, Hawkins, James 

W., HAHttlliUN, J. HsHTWKlil., PlUHl'K, JC. (’OWKIINK. 

II, ii ml Lenz, Gilbert <j, Utirncc, 1047, 108, 610. 

2. Lehv. H. F„ WluOHT, L. T., Wei xTiiAtTB, H., and Arovh. 

I. N. 7. Acod. SttL, 1048, 10, 76, 

1 Teropterin was kindly furnished by the Lederle Compnuy, 
1'wirl HJvcr, New York. 


J. C. Hennilur and J. W. McBain 
Stanford Research Institute, California 

A review' of pertinent literature has revealed wide¬ 
spread evidence that the outermost monolayer of mole¬ 
cules at the phase boundary of n liquid induces an orien¬ 
tation extending into the body of the liquid for many 
molecular lengths (/), The most reliable examples in¬ 
volve u range of orientation from a few tens of Angstrom 
units to a few thousand. The experiments of Nutting 
(J), however, pointed to an immobile layer of much 
greater depth. 

Nutting found that the flow of crude petroleum oil 
through a narrow' thin-wullerl gluss capillary was ap¬ 
preciably slowed when the out aide of Lhe capil¬ 

lary was surrounded with water, lie accounted for this 
by postulating an immobile layer of oil on the inside of 
the tube no less than 66,000 A thick. Kaminski, work¬ 
ing in these laboratories mid following the method out 
lined by Nutting, obtained comparable results (£). 

It was apparent, however, that the effect could have 
been duo to variations in temperature, since the tem¬ 
perature coefficient of viscosity of the medicinal paraffin 
oil used by Kaminski was such that the flow would have 


NUJOL plus 0.69* LAURYL ALCOHOL (bi 
at 25* Q0O2’ . 


< 

-J 

at 


| tllOOOI*M 


NUJOL AT 25 i or V3\ 1 M 


NUMBER OF RUNS 


Fro. I. Relative flow rate plaited HgHlnNt the num¬ 
ber of paHNCN through the capillary In (a) Series 1, 
Hiid (b) Series Open circles refer to passes when 
the outside of the capillary was dry ; solid circles when 
the capillary was surrounded by water. 


increased 7%/°0. Nutting’s effect could be accounted 
for by the oil’s being a degree warmer when not sur¬ 
rounded by water, and Kaminski’s could be accounted 
for similarly by variations of a degree or two. This 
might well have occurred if the apparatus or the oil had 
been exposed to radiant energy during a measurement, 
or if the room temperature bad risen just lief ore n moas- 
ureinent. The particularly murked retardation in tho 
flow of crude petroleum reported by Nutting and con¬ 
firmed by Kaminski might thus be explained by the 
strong absorption this oil shows in the near infrared. 
Either of these variations would have warmed the dry 
capillary or reservoir of oil more rapidly than the capil¬ 
lary surrounded by a relatively large maos of water, and 
would then have led to a foster Bow in the dTy tube than 
in the wet. 


L This work was done under con trad between the Office of 
Nnvii) Research ami Stanford Rose Arch Institute. 
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Series J: In order to evaluate the effect of temperature 
variations, Kaminski’s apparatus was transferred to un 
air thermostat whose temperature varied less than 0,1°. 
It seems most unlikely that moving the apparatus into 
the thermostat could have changed any condition other 
than temperature, which may have been responsible for 
the Nutting effect observed by Kaminski. Deviations in 
flow rate up to 1.5% from the mean value were observed, 
but they showed no discernible consistent change after 
the capillary had been immersed in distilled water over¬ 
night, or nfter it had been allowed to dry out again for 
.'1 days. The data are plotted in Fig. la, 

Sr tie h mi A more precise control of temperature was 
obtained by immersing the jacket containing a capillary 
in a water thermostat at 25°+0.002°. The internal di¬ 
ameter of this capillary was 0.747 mm. Til these ex¬ 
periments, the capillary was made part of a U-tube, 
enlarged at one point to form a small reservoir, in the 
manner of an Ostwnld viscosimeter. Great care was 
token to eliminate possible surface active impurities. 
The entire apparatus was flamed to incipient fusion while 
a current of dried filtered air was passed through it.. 
Hoth entrance tubes were bent downwards and guarded 
by plugs of glass fiber. The Nujol had stood with 10 
per cent of its weight of Florisil (an activated silica) 
for a week with occasional shaking, mid was centrifuged 
before use. 

Thirteen runs were mudr in the dry capillary, ft after 
filling the jacket with water, followed by 5 more after 
drying again. The flow times varied within 0 4% of the 
mean value (between 3lio and 3113 sec) with no indica 
tion of n consistent increase during the period of wotting. 
The experimental errors were magnified somewhat by an 
uncertain drainage of the measuring reservoir, which was 
below the capillary in this apparatus. 

Merit!* Since a small percentage of n polar long 
chain compound might produce an oriented immobile 
layer under conditio us where a nonpolar oil would not, 
biiirvl nleoliol was added to make a 0.0ft% solution. 
(The Nujol wetted the glass, the lauryl alcohol solution 
did not.) The flow times relative to, the first value, 
plotted against, the number of runs, lire shown in the 
upper plot (Fig. lb). The radius of the circle repre¬ 
sents probable errors in the timing, but does not take 
into account the variable drainage of the tube. It will 
be seen tlmt liny retardation that may have occurred ou 
wetting the outside of the capillary is less than the ran¬ 
dom fluctuations (about 0.5%). A small but definite 
retardation with time of about 0.5% may be seen, how¬ 
ever. The film thickness necessary to account for this 
would be about 0.9 g,, instead of 0.5 p, which although 
still high, is more nearly in accord with the observations 
of others in this general field, It may also bo duo at 
least in part to slight clogging of the capillary by traces 
»f suspended matter. 


Reference! 

b Hbhnikbh, J. C, In press. 

Kami mr* tl a. Ofiloe of A’avol Kesroroh, Hep. no. 1. 1948. 
*■ VrrTTino, p. gdfifMW, 1949. 97. 74-Tfl. 


Paper Chromatography of Flavonoid 
Pigments 1 

Simon H. Wonder and Thomas B. Gage 
Department of Cbamiitry , 

Univenity of Oklahoma 

Although tli 3 use of classical chromatographic ad¬ 
sorption methods for thr separation of flavonoid pigments, 
from plunf extracts lias been reported previously ($ f 4 r 
rt), such methods have not been successful in the separa¬ 
tion of mieroqurintities of these compounds. In a search 
tor better methods of examining plant oxtrncts for 
flavonoid pigments, we have applied the method of paper 
partition chromatography (£) to the problem. Thin pre- 



Fm. 1, 

limiimrr report denis with the determination of H, values 
for J1 flavonoid pigments in chloroform, ethyl acetate, 
phenol, and n-butanol-acetic acid; the separation of mix’ 
lures containing four to six of these pigments; and the 
use of color developing sprays to loco to and identify the 
pigment wmos. 

1 This Investigation wns supported by n research grant 
from the Division of Research Grants and Fellowships of the 
Notional Institutes of Health, lb 8. Public Health Service, 
□'ll r 9 mph'N of Inoquercltrln, robin In T null kuerapferol were 
Kindly donated by the Pharmacology Laboratory, Bu.euu of 
Agricultural and Industrial Chemistry, Albany, California; 
the sample of narlngiu was donated by the California Fruit 
Growers Bxchinfce. Research Department, Ontario, Califor¬ 
nia. The other pigments were purchased from tike 8. B_ 
PentCk Company, New' York City, 
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Bevera) forms of oue-dimmisloual apparutun have berni 
tried during the course of this study. The one which 
served best (Fig. 1) was a modification of an apparatus 
recently described by Winston (t>). Discarded gasoline 
pomp cylinders, 12" in diameter by 20" in height and 
closed at each end by a ground glass plate, served as 
vapor chambers. For troughs, 3" Fyrex evaporating 
dishes have been used in place of the Petri disheH recom¬ 
mended by Winsten. From four to six strips can lie ac¬ 
commodated at one time in the upper dish. A small glnss 
stopper was used to hold the end of the strip in the sol 
vent, and the weight of the wet strip prevented its touch¬ 
ing the walls of the trough. This eliminated the danger 
of capillary siphoning without recourse to any special 
supports to hold the paper away from the inner and outer 
walls of the trough. The lower dish was fastened to a 
wooden base by means of stainless steel clips. 


In the case of homoeriodictyol and D-eatechin, neither 
of which fluoresces in ultraviolet light, it was neces¬ 
sary to spray the strip with a chromogenie reagent in 
order to locate the pigment zones. D-Catechin was located 
by spraying the strip with nmmoniacal silver nitrate solu¬ 
tion. The treated strip was then washed with distilled 
water and allowed to dry. Homoeriodictyol was located 
by spraying the strip with alcoholic ferric chloride solu¬ 
tion (1%). With ferric chloride solution, homoerio 
dlctyol forms a red brown spot which is visible on the 
strip in concent rations us low as 10 pg- 

The ratio of distance traveled by the pigment to dis¬ 
tance traveled bv the solvent (R f value) is given in 
Table 1. The fluorescence of each pigment oil the filter 
strip has hIso been included. The fluorescence of 
robinin changed from a pale brown to a yellow-orange 
color during the development of the chromatogram. This 
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Chromatograms of the individual pigments were pre¬ 
pared, using phenol, chloroform, ethyl acetate, and 
mbutanol-acetic acid. The first three of these solvents 
were saturated with water before use, and water, satu¬ 
rated with the appropriate solvent, was used in the lower 
trough. The throe-component system n-butanol-acetic 
acid-water (40-10-50 vnl.%) was used as the fourth 
solvent in n similar manner, 

Whatman No. 1 filter paper, 47 * 57 cm, was cut into 
strips, 2.5 cm x 56 cm, by means of a power-driven paper 
cutter. The strips were spotted 9 cm from one end with 
12-18 pi containing 7-10 pg of flavonoid pigment, and 
thefts allowed to air-dry prior to development nf the 
chromatogram. Development was allowed to proceed 
until the solvent had traveled 30—40 cm. This required 
8-22 hours, depending upon the rate of movement of the 
individual solvent. The strips were then air-dried and 
the pigment roues located by their fluorescence in ultra¬ 
violet light. The solvent front could also be located by 
this method, due to the fluorescence of impurities in the 
paper which traveled with the solvent front. 


may have been due to h trace of impurity initially present 
Hnd removed an development proceeded. Rh a nine tin given 
two zones when chromatographed with phenol. 

Mixtures of fouT to six pigments have been separated 
on a one-dimensional chromatogram strip by selecting the 
solvent giving the greatest differences in R r values for 
the particular pigments. The R r value is lowered slightly 
hy the presence of other flavonoid pigments but the relu 
tive values appear constant. 

The color of the pigment zones In ultraviolet light is 
an aid in identifying the respective pigments on the de¬ 
veloped chromatogram. In addition, many of the usual 
qualitative color tests for flavones, Aavonols, flavonoues, 
and chalcones can he applied to the pigment rones on the 
strip. This is of advantage in determining whether h 
particular spot from a plant extract is of flavonoid char¬ 
acter and, in addition, is also of value in the tentative 
identification of a particular flavonoid pigment. Such 
reagents include: npdium carbonate, ammonium hydroxide, 
alcoholic ferric chloride, alcoholic potassium hydroxide, 
Alcoholic aluminum chloride, normal lead acetate, basic 
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lead acetate, aminoniacal silver nitrate, antimony pentH- 
chloride in carbon tetrachloride, and boric acid-citric acid 
in acetone. The reaction products obtained by use of 
basic lead ii cetate, normal lead acetate, alcoholic alu¬ 
minum chloride, sodium carbonate, and the boric acid- 
citric acid reagent give an intense fluorescence in ultra¬ 
violet light and the characteristic color toHt in ordinary 
light. This property has been used to locate and iden¬ 
tify pigment zones on the developed chromatogram strips. 
Table 2 lists the visible and fluorescent colors obtained 
with the latter reagents. 

By paper partition chromatography, coupled with the 
iinp of chroniogcnic sprays, one can quickly and easily 
obtain information as to the presence of one or more 
flavnnoid pigments in a small quantity of plant extract 
and even tentatively identify the individual flavones, pro¬ 
vided the R r values have Isnm previously determined for 
a pure sample of the pigment in question. The method 
makes it possible to separate mixed crystals of two or 
more fluvonoids and to identify micro quantities of an 
isolated pigment by running mixtures of the unknown 
pigment with samples of known composition oil the same 
strip. 

While the present study was in progress, K. (■. Bate- 
Ninith (7) reported the successful separation of nntho- 
cyanin pigments by pnpnr partition chromatography mid 
suggested the possibility of separating flavnnoid pig¬ 
ments from plant extracts by similar methods. Further 
work with plant. extracts is now in progress in this labora¬ 
tory and will be the subject of a more detailed report 
in the near future. 
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The Inhibitory Role of "Motor” Nerves 

A. R. McIntyre and A. L. Bennett 

Department of Physiology end P harmnealogy, 

University of Nebraska College of Medicine > Omaha 

It is well known that immersion of a nerve-muscle prep¬ 
aration in Ringer’s solution, deficient in calcium, results 
in spontaneous activity which is evident in both the nerve 
and the muscle. The critical concentration of calcium 
for frogs' sciatic-biceps femorU preparations is approxi 
matcly 1 millimol&r, at which concentration the nerve 
commences to 1 * Are 1 ' spontaneously. When the Ca* + con¬ 
centration is further lowered, the muscle will show spon¬ 
taneous fibrillation which persists after failure of indirect 
excitation. 

We have shown that the failure of indirect excitation 
of such preparations is caused by a partial (or possibly 
complete) depolarisation of nerve, as evidenced by s 


decrease in motor-axon resting potential. Restoration 
of calcium promptly res lores the resting potential of 
the axon and indirect excitability of the muscle, at the 
same time arresting muscle fibrillation. When a compari¬ 
son is made of the effects of degeneration of motor nerve 
following section with those produced by gradual with¬ 
drawn! of calcium ions from the intact nerve-muscle prep¬ 
aration, the course of events is strikingly parallel, 
Hhortly after nerve section the response of the muscle to 
indirect stimulation through the distal portion of the 
nerve is somewhat enhanced, as is the response of the 
muscle to intra-arterial injections of ncetylcholine. 

Both of these phenomena are observed in the nerve- 
muscle preparation when the calcium ion concentration is 
slightly lowered. As the distal portion of the cut nerve 
degenerates, iiulirert excitability of the muscle is lost, and 
the muscle shows greatly increased sensitivity to intra¬ 
arterial injection of acetylcholine. Again, both of these 
phenomena can be demonstrated in the iiervc-inuscle prep¬ 
aration when the calcium in lowered to the point where loss 
of polarization of the nerve is reached, accompanied by 
failure of indirect excitability. Many of the locnl anes¬ 
thetics have been shown to prevent depolarization of hxou 
membranes (1, £); therefore it whs not surprising to 
find that a 1-millimolHr solution of procninehydrocliloride 
arrests fibrillation in an iutact nerve-muscle preparation 
immersed in a calcium-free Ringer’s solution. We have 
also shown that procaine, when added to calcium-free 
Ringer's solution, restores the resting potential of the 
immersed nerve. The cessation of muscle fibrillation ac¬ 
companies this restoration and is not due to an effect of 
the procaine on the muscle itself because the intra-arterial 
injection of procaine (in concentrations sufficient to 
block indirect excitability in a norawd muscle) into s 
^enervated fib rill n ting muscle, failed to disturb its activ¬ 
ity. It was rIbo demonstrated that the intra arterial in¬ 
jection of calcium-free solutions into denervated fibril- 
luting muscles did not modify their activity. Those find¬ 
ings indicate the validity of Hie hypothesis previously 
advanced by one of us concerning the inhibitory Retina 
of the normal polarized resting nerve upon muscle (J) 
and lend support to the belief that the polarised state of 
the terminal membrane of the normal motor nxon, at rest, 
is inhibitory to the muscle. 

Depolarization of the axon membrane or loss of the 
membrane following section and degeneration of the nerve 
results in spontaneous muscle activity. Thus passage of 
a 1 * motor ' } impulse over a nerve does not, strictly speak¬ 
ing, stimulate a muscle to contract, but, as a result of the 
removal of the inhibiting effect exerted by the polarized 
end plato of the motor nerve nxon, the muscle " auto¬ 
matically * 1 Contracts. Full details of these experiments 
will be published shortly. 
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Comments and 
Communication s 

Cultural and Scientific Conference 
for World Peace 

A few days ngo an attractive folder arrived in my mail, 
outlining, complete with olive hrnnrli, ei "thill to the 
Scientific and Cultural Conference for World Peace,” 
scheduled for March 25, 2fi and 27 in New York City. 
The call wuh made by Harlow Shapley, chairman, and the 
numes of a few prominent widen tints nppenred among the 
long list of sponsors. 

The "Call" decries our cold war policy, the threats 
to our intellectual cultural and scientific progress, the 
curtailment of academic freedom and censorship "on our 
writers, on the motion picture industry, the theatre and 
the radio," our enormous military expenditures, and the 
possibility of World War 111, and states that wc must 
‘‘reestablish American Soviet understanding and coopera¬ 
tion, which alone can make peace possible." 

Now certainly no thinking American ia in fnvor of 
unuumoiit and war and all the undesirable economic and 
political sacrifice that another war would entail. But it 
is also clear that the only logical and scientific way to 
solve the problem of establishing and maintHilling world 
pence is to consider not the undesirable symptoms of dis¬ 
cord but tile underlying cause. We must make every 
effort at our disposal to prevent the catastrophe of an¬ 
other wnr and this must be based on some means of get¬ 
ting along with Russia. However, it seems quite clear 
that peace cannot exist between men or between nations 
without law and order and that our concept of law and 
order cannot exist without the authority of a government 
based on the will of the people. 

On the basis of these concepts it seems quite clear that, 
in view of the present state of international anarchy, our 
only alternative to defending ourselves by force against 
a potential enemy with the avowed and acknowledged 
intent of adopting any measure to overthrow our govern¬ 
ment and our way of life is to throw every resource into 
an attempt to establish a. federal world government pow¬ 
erful enough to prevent war and protect freedom and 
justice. In this way we would have u reasonable chance 
of witling our basic differences with Russia politically 
and legally, rather than by military action. 

It therefore seems to me that to consider the type of 
recommendations proposed for consideration by the "cul¬ 
tural and scientific conference for world pence" without' 
tU the same time proposing a sound policy which can 
assure a mechanism for dealing with Russian-American 
differences, or those of any other nation, without recourse 
to war and with preservation of individual freedom and 
justice under some form of federal world government is 
definitely inimical to the best interests of citizens of the 
T T mted States. 


Ah American scientists, wo might reasonably ask our 
colleagues who have taken an interest in this forthcoming 
conference either to fight within it for adoption of sound, 
specific proposals for action which might promote world 
pence (other than unilateral disarmament and appease- 
meat of the present ruthless Russian dictatorship) or to 
expose the underlying motives of the conference in their 
true light, 

CHAHV.KK (\ VaiOK 

Department of Chemistry, 

I’nivvrsity of Notre l)ame } 

Notre Dame, Indiana 

Terminology for Sedimentation Force in 
Centrifugation 

Adequate terminology for expressing sedimentution 
force in centrifugation is used by many authors. Ilow 
ever, some authors frequently use, for various purposes, 
the expression of revolutions per minute (r.p.in.) without 
further qualification to indicate sedimentation force in 
centrifugation. This manner of expressing the sedimen¬ 
tation condition is almost ineaningleHs to the reader un¬ 
less either the length of the axis of the centrifuge con¬ 
tainers is also given or the type of centrifuge is stated 
ho that the axis may be ascertained and the force com¬ 
puted. The reader deserves an adequate expression of the 
used force, such as force times gravity or sedimentation 
constant. If such is not provided, the reader at least is 
entitled to the information necessary for computing the 
force times gravity wdieu r.p.m. is used. Wince several 
types of centrifuges and ultracentrifuges with vnrierl 
length of axis are in use, it is important that more at¬ 
tention be given to adequate terminology. 

H. H. Tmohnbkrry 

Division of Plant Pathology F Department of 7Jorticu!ture f 
University of Illinois, Vrbana 

Scientific Method and Social Problems 

In a discussion of "Science and Security" (Science , 
Juue 25, 1948, p. 659) E. V. Condon states that "there 
is still a groat reluctance ... to accept und extend" 
the use of the scientific method ‘ ‘ in the fields of sociology, 
economics, and politics," and he hopes for "the full 
Hcccptuncc and use of the scientific method in the social 
sciences. J ' 

In this there is the implication that the methods of these 
sciences ore not scientific now—a view that has appeared 
repeatedly in notes and comments on the needs of social 
research, and one that is not particularly helpful to 
those needs. R. O. Bender, in u recent communication 
(Science, December 10, 1948, p, 065), points out some of 
the discouraging aspects, although he apparently does not 
altogether accept as final the assumed definition of sci¬ 
entific method. The definition on which such comments 
are based, as shown In I>r. Condon's discussion, is an 
equating of science with controlled experimentation. This 
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description of science and scientific method is certainly 
inadequate. Astronomy has done very well without sub¬ 
jecting the behavior of stars and planets to experimental 
controls. Geology haw not used this method to any 
notable extent. Most of Darwin’s contribution to biol¬ 
ogy did not come from such an experimental basis, either 
in Its conception or verification. A problem need not be 
inaccessible to science if controlled experiments are im¬ 
possible. 

It may be true, ns Dr. Render says, that ” social science 
studies conducted to date, with minor exceptions, have 
boon observational nml statistical rather than experi¬ 
mental” and that 1 'understandings so achieved are only 
approximations, and in many cases inaccurate approxi¬ 
mations ut that, due to inherent limitations of the meth¬ 
ods employed.” Rut of course all the understandings 
achieved by the physical and natural sciences arc also 
only approximations, and of varying accuracy. Fortu¬ 
nate me those scientific disciplines that can, for most of 
their problems, use the method of controlled experiment 
to test and improve the accuracy of their hypotheses. 
The history of these sciences, however, does not suggest 
that this is the only scientific method of verification, or 
that the social sciences must choose the method of con¬ 
trol (which is bo greatly limited in a democratic society) 
or be denied the status of sciences. 

D would be more useful if the physical and natural sci¬ 
entists, instead of preaching u particular procedural defi¬ 
nition of scientific method and commending this to their 
social science colleagues, would recognize that the division 
of science into the accepted disciplines is merely a con 
venieiit'o arising from the varieties of methods and in¬ 
terests most useful in investigating different aspects of 
experience and expectation. Hcicnce is not any particu¬ 
lar method or set of techniques. It is a way of reason¬ 
ing. The standards are intellectual rather than pro¬ 
cedural. The method of observation, formalization, and 
testing must vary with the nature of the problem. 

There is no unique kind of difficulty facing the social 
sciences that is not met, at least, to some degree, in the 
natural sciences. All sciences must, in some phase and 
field, and to some extent, try to cope with such restrictive 
troubles ns a high degree of indeterminacy, a highly 
heterogeneous universe for sampling, the impossibility of 
controlling variables, the difficulty of translating u factor 
or concept into an operationally definable identification 
or measurement, the need for including the inaccessible 
past history of a datum in nn observation, the effect of 
observer on observed, and a host of other puzzles which 
challenge the scientific ingenuity and skill of the investi¬ 
gator. Most of these loom much larger in the social 
sciences, which have in general a more difficult task than 
the natural sciences. The need for studying und devel¬ 
oping the mmexperimental approaches of scientific method 
is great, since the applicability of controlled experimenta¬ 
tion is so limited. 

The field of social science, being in effect the problem 
of how and why mankind behaves, embraces many sci¬ 
ences. The present state of relative isolation of the 


social sciences from the other sciences (and, indeed, from 
each other) should not be continued. Social science must 
draw, in part, ou the methods and content of other scien¬ 
tific disciplines; philosophy, the Humanities, and religion 
can also contribute. In turn, social science contributes 
to the development of scientific method and knowledge 
for all of science. 

There is general agreement that our greatest need is 
an improvement in behavior nnd in the prediction and 
control of behavior and that while our accomplishments 
in material technology are promising, they arc also an 
overwhelming threat if not accompanied by social ad¬ 
vance. Translation of religion into practice by the mass 
of mankind could solve many of our troubles, but this can 
hardly be a sufficiently rapid rescue in our present emer¬ 
gencies. Man's most urgent problems are in the nrea 
of the social sciences. Their solution will not be speeded* 
by trying to remold these sciences into the image of 
physics, chemistry, or biology. It may bo aided by 
recognizing that the validity of scientific method is not 
confined to any one procedure, that, methods now in uni* 
are open to critique and improvement, that methods 
developed in one field may presently find unsuspected 
utility in other fields, and that there mny be new methods 
yet undiscovered. 

Rim a ft G. -In. 

lirpartiumt of Biochvminl ry t 
(Columbia University 

Colloidal Electrolytes as a Class Inclusive of 
Polyelectrolytes, Chain Electrolytes, Long 
Chain Salts, Dyes, and Detergents 

Colloidal electrolytes form one of the largest groups 
of colloids. Ill aqueous solution they exhibit properties 
of both colloids and electrolytes. The author suggested 
in 11U2 (J. W. McBnin, E. C. V. Gornish, and H. (\ 
Rowden. Trans, r hem. Sun., 11112, 101, 2042) that this 
was due to the presence of both charged colloidal par¬ 
ticles and ordinary ions. Typical examples were soaps 
and proteins. The former are association colloids whose 
particles or micelles are formed by association of :ons; 
the latter are high polymers carrying dissociable groups 
that ore exposed to the solvent. 

This classification of colloidal electrolytes has long met 
with international acceptance, and nn extensive literature 
on the subject has grown up, especially since the advent 
of synthetic detergents. As early an 1034 the Faraday 
►Society organized an international symposium of over 
400 pages on colloidal electrolytes, including such mate¬ 
rials as cellulose, starch, proteins, gelatin, dyes, silicates, 
und a number of inorganic materials (Trans. Faraday 
Soc. f 1035, 31, 1—421). 

Recently {^Science, November 10, 104S, p. G4B) the 
term "polyeleetrolytcs” was "coined to describe sub¬ 
stances of high molecular weight which are simultane¬ 
ously electrolytes, * 1 The new term was to inelude ”tlie 
naturally-occurring polyolcctrolytcs such bb proteins and 




292 


SCIENCE 


March 18, 1948, Vftl. 109 


polysaccharides 1J and “synthetic materials. ” It was 
showii that polyeleotrolyteN are highly associated in solu¬ 
tion. It wos further suggested that “some of the prob¬ 
lems of the biochemist will be reduced to special problems 
in a broader field—that of polyplcctrulytes in general.’' 
However, these colloidal electrolytes, such as bile salts, 
have already received much attention both from physical 
chemists and biochemists, and their properties are just 
its closely related to the other colloidal electrolytes ex¬ 
cluded in the quoted definition of ‘ * polyelectrolyteH. ” 

It, would seem that the introduction of such a term 
would merely lead to confusion in this well established 
field. The term polyelert roly ten is not self-explanatory 
and might seem to refer to polyvalent electrolytes or to 
those that give rise to a variety of ions. 

In a previous paper the term “chain electrolytes,” 
-which seems cqunlly inapt, was coined (D. Edelemn and 
R. M. Fuobs. J. Atner. chem. Sor.. 1048, 70, 2832). An¬ 
other partial term is that of “long chain salts” (P. F. 
Urieger and C. A. Kraus. ./. Amer. rhem. Soc., 1P4H, 70, 
;i808j, which is also inadequate. 

It now seems impossible to draw a sharp distinction 
between polymerization and association. Aluminum soaps 
are one instance of u borderline case. During the past 
yenr some authors have classified these ns association 
colloids because their particle size or molecular weight 
depends upon concentration. Heverul other authors prefer 
to regard them us “polymers of high mole col nr weight 
formed by weak intermoleculnr links” such as hydrogen 
Iwmds. Both groups nre describing thr same facts. 


It would seem advisable to retain the thoroughly es¬ 
tablished name “colloidal electrolytes 11 for all such ma¬ 
terials, even if there are subgroups such as organic, inor¬ 
ganic, organic-inorganic, some that are purely products 
of association, and others that are simple polymers, or 
associated polymers, etc. A subgroup such as polyelec¬ 
trolytes might be useful if it were sufficiently sharply 
and narrowly defined to include only one definite class of 
materials. The term * 1 colloidal electrolytes ’ ’ clearly in¬ 
cludes them all and emphasizes their interrelatedness and 
common properties. 

'Tamer W. Mr Bain 

Department of Chemistry, 

Stanford Univfruity, California 

Erratum 

May 1 point out a confusing error that occurs in the 
last line of Table 1 in our recent short paper (II. H. 
Plough and Madelon R. Grimm, “Reversal to Penicillin 
Mansitivity in a Cysteine-requiring Mutant of Salmo¬ 
nella,” Science, February 1H, 1040, pp. 173-4). This 

should read: “H. 1). alone-, ” that is, seven 

minus signs instead of one minus and six plus signs. 1 
hud to correct in galley an error of the original manu¬ 
script under a similar heading five lines ubove, and I 
assume that somehow the last line got shifted too. 

H. H. PLOIKIH 

Department of Biology, 

Amherst College, Amherst . Massacht/setls 


Book Reviews 


The cbomhtry of high polymert. V. E. H. Bawn. Mew 

York: Interscienee, 104H. Pp. + 240, (Illustrated.) 

# 4 . 50 . 

This is ail excellent book mid fills a real need in the 
field of polymer chemistry. While more advanced 
treatises on individual topics have appeared during the 
past few years, no other book huH summarized the whole 
field of polymer chemistry so cleHtly and succinctly. The 
Imok is very readable and understandable but at the same 
time hus neither sacrificed correctness nor oversimplified 
the problem. 

The book is divided into the following seven chapters: 
Introduction: Nature and Types of Polymer; Condensa¬ 
tion Polymerization ; Addition Polymerization ; Thermo¬ 
dynamics of Solutions of High Polymers; Size and Shape 
of Macromolecules; The Structure, Stereochemistry and 
Crystallinity of High Polymers; Rnd Structure and Phys¬ 
ical Properties of High Polymers. Ench of these chap¬ 
ters is fairly complete and detailed, with the exception 
of the Inst, which is a rather brief outline of the phys¬ 
ical properties of high polymers. Fairly extensive refer¬ 
ences to recent literature are included. 


This book should be particularly valuable to Jtho gradu¬ 
ate student in chemistry who seeks a broad picture of the 
present, status of polymer chemistry without the necessity 
of wading through four or five lengthy monographs on 
highly specific subjects. It also deserves a place on the' 
bookshelves of research workers in the field of polymer 
chemistry. 

Tuhner Al,fhey, Jr. 

Polytechnic Institute of Brooklyn 


Lob ricboitsa do U mor: UchnologU biologiqut ot oedono- 
grapbiquo. (Encyclopedic Blologique, XXIX.) Nofil 
Roudarel. Paris, France: Paul Leehevalier, 1048. 
Pp. 548. (Illustrated.) 1.500 fr. 

The information collected in this volume should prove 
immensely helpful to the more curious fishermen along the 
French coasts and provide a strong stimulus to those 
with a bent toward natural history. In addition to short 
chapters on the origins and development of oceanography, 
the characteristics of ocean water and bottom, and the 
common terrestrial plants found along the seashore, there 
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are more extended and profunely illustrated accounts on 
the algae, mollusks, fish, AhIi nets and traps, and fisheries. 
Other groups of marine life receive less full treatment, 
the criterion for inclusion often being their economic 
value or relationship to the fishing industry. Each kind 
of organism is treated under its scientific name, with 
common names furnished as well as distribution and n 
general verbal description. Interspersed are many com 
meats on the uses to which the animal is put, 

The illustrations are apparently all from original draw¬ 
ings. All are line cuts, and the printer has done well by 
them. Those of fishing scenes and gear are drawn in 
good perspective, but they mar surprise readers used to 
halftone illustrations. The lack of halftones is noticed 
so quickly that one might suppose the book to have been 
written before the days of photography. The text, how¬ 
ever, seems up to date. There is h shoTt bibliography and 
a good index. 


Lmti'K mol Margery J. Mjlnk 


t’w ivrmity of New Haw pah in 


Psychology. William James. (Introduction by Ralph 

Hiirton Perry.) Cleveland New York: World Puhl., 

1M4N. Pp, xxi + 478. (Illustrated.) $1.25. 

The reviewer does not know which power of ten to 
use, but certainly hundreds of living scientists date their 
interest in ps 3 r chology from the time they first rend .Tames' 
Briefer course . Many will la* interested to learn that this 
renowned text has been reprinted in The Living Library 
secies under the general editorship of Curl Von Doren. 
No one is bettor qualified than Ralph Barton Perry to 
write an introduction to the volume. Ho refrains from 
giving us James as ‘'the founder of modern psychology '' 
but is certainly on safe grounds in claiming him as 
‘ ‘ one of the first to extend the methods and spirit of 
modern science to the human mind.' 1 James' well-known 
special contributions to psychology, liis formulation of the 
maxims of habit, theory of emotions, and the doctrine 
of “the stream of consciousness , } ? appeared in Mh Prin¬ 
ciple* of psychology, published in 1800, and were incorpo¬ 
rated in chapters in his Briefer course, published in 1H02. 
Hut there was more to James than “special contrlbu 
turns.'' As lator developments have revealed, he suc¬ 
ceeded in organising and expanding the psychology of 
the past so as to influence strongly subsequent psychology 
at many points. Prof. Perry briefly traces the reasons 
why James is considered the originator of “functional 
psychology/' a father of (tast-alt psychology, why he 
markedly influenced abnormal psychology, as well as 
guidance, educational, and religious psychology. Also, 
Prof. Perry in his introduction explodes the widely ac¬ 
cepted tradition that James was first n psychologist, and 
later a philosopher. 

In James’ preface to tills text he answers some criti¬ 
cisms of the arrangement of the chapters in his Principles 
of psychology, It seems evident from a footnote, which 
is a part of the original preface, that he gave much 
thought to the arangement of the chapter topics; he was 
hot altogether happy In placing the subject of Sensation 


first. Further he says: “I feel now (when it is too late 
for the change to be made) that the chapters on the Pro¬ 
duction of Motion, on Instinct, and on Motion ought, for 
purposes of teaching, to follow immediately upon that on 
Habit, and that the chapter on Reasoning ought to come 
in very early, perhaps immediately after that upon the 
Self, 1 advise teachers to adopt this modified order, in 
spite of the fact that with the change of place of ‘Reason¬ 
ing ’ there ought properly to go n slight nmnuut of re¬ 
writing. ’ * 

It has often l>eeu forgotten that all of James' chap¬ 
ters except one were written for the textbook, not first 
for magazine publication, which was only an afterthought 
and resorted to “because the completion of the whole 
work seemed so distant.“ 

The words ‘' Briefer Course 1 ' appear only on the jacket. 
The original 66 diagrams arc all reproduced in the pres¬ 
ent edition. The print is clear and beautifully legible, 
the paper is good, the volume is neat and of a convenient 
size, (lighter weight than the old one), and there is a 
10-pngc index, Pleasure mixed with nostalgia arises from 
turning these familiar pages. 

Walter R. Milks 

\ ole l'ni versify School of Medicine 

Organic reactions, (Vol. IV.) Roger Adams. (Ed.-in- 

Cliief.) New York: John Wiley; London: Chapman & 

Hull, 194H. Pp. viii + 428. (Illustrated.) $6.00. 

This is the fourth volume of a series started in 1042 
the gene nil purpose of which was clearly set forth in the 
Journal of the American Chemical Society, 1042, 64, 
3062. The following eight subjects are discussed in on 
authoritative manner by authors who have lmd experi¬ 
ence with the reactions they are describing: The Diels- 
Alder Reaction With Maleic Anhydride, bv Milton C. 
Kloetzel (50 pp.) ; The Diels-Alder Reaction: Ethylenie 
and Acetylenic Dienophiles, by H. L. Holmes (114 pp.) ; 
The Preparation of Amines by Reductive Alkylation, 
by William H. Emerson (82 pp.) ; The Acyloins, by 
S. M. McElvain (13 pp.) ; The HynthesiN of Benzoins, 
by Walter H. Ide and Johannes N. Buck (.36 pp.) ; The 
Hynthesis of Renzoquinunes by Oxidation, by James 
Cason (57 pp.) ; The Roseinund Reduction of Acid 
Chlorides to Aldehydes, by Erich Mo set tig and Ralph 
Moziugo (16 pp.) ; The Wolff-Kishuer Reduction, by 
David Todd (45 pp,). 

Organic chemists will enthusiastically welcome this 
latest addition to the series. Certainly the remarkable 
reception given to the first three volumes will be ac¬ 
corded this one also; for the chapters have been care¬ 
fully prepared and edited and the publisher hns again 
assembled them in a very handy form and in the most 
attractive manner possible. Although there may be some 
who will qtlibbie over possible inconsistencies in the 
nomenclature of the many individual compounds listed 
at the end of the various chapters and also may observe 
the omission of one or two references here and there, 
It is the opinion of this reviewer that the same high 


294 


SCIENCE 


March 18, 1949, Vol. 109 


standards as sot fur the previous volumes have been main¬ 
tained aiid that n'jain all chemists are indebted to the 
.several authors for their thorough covering of the sub¬ 


ject and for their clear writing and excellent prenen- 
tation. 

Princeton University 


Everett S. Wallis 


Scientific Book Register 


Baldwin, Ralph H. The face of the moon, Chicago: 
Univ. Chicago PrcHN, 1949. Fp. xiv + 239. (Illus¬ 
trated.) $5.00. 

Blackett, P. M. H. Fear, war, and the bomb: mil Harp 
and political consequences of atomic energy. New 
York: Whittlesey House, 1949. Pp. vii ■+ 244. $3.50. 

Hkuwn, Thomas R. Foundations of modern physics. 
(2nded.) New York; Juhn Wiley; London; ("hupman 
& Hall, 1949. Pp. xvi 3 391. (Illuatrntcd.) $5.00. 
Committee on Dietetics, Mayo Clinic. Diet Manual. 
Philadelphia-London: W. R. Saunders, 1949. Pp. 
xiii + 329. (Illustrated.) 

Koe, Vilh. Chnuliodui* Schn., Bathypelagic genu# of 
fishes: a systematic t phylogenetic and geographical 
study. (The CarUherg Foundation's Oceanographic 
Expedition Round the World 192H-30 und Previous 
‘' Dann ' ’ Expeditions, No. 31.) Copenhagen: C. A. 
KcitaoU; London: Oxford Univ. Press, 1948. Pp. 148, 
(Illustrated.) 32 Punish Kr. 1£ 13/. 

Flohkin, Marcel. Biochemical evolution. New York: 
Academic Press, 1949. Pp. vi + 157. (Illustrated.) 
$4.00. 


PREARj Donald E. H. A catalogue of insecticides anti 
fungicides; chemical fungicides and plant insecticides. 
Vol. II. Waltham, Muss.: Chronica Botaniea, 1948. 
Pp. x + 153. $5.50. 

Dauber, U. A. Essentials of zoology. New York: 
Apple ton-Century-t Yofts, 1949. Pp. x + 394. (I Huh ■ 

trafced.) $4.00. 

Mavor, Jameh Watt. A brief biology. New York: 

Macmillan, 1940. Pp. viii + 427. (Illustrated.) $4.00. 
Meleney, Frank Lamont. Clinical aspects and treat- 
nunt of surgical infections. Philadelphia-London: 
W. U. Saunders, 1940. I*p. xiii + 840. (Illustrated.. 
$ 12 . 00 . 

Polunin, Nicholas. (Ed.) Botany of the Canadian 
Eastern Arctic: Thallophyta aiid Bryophyta. (Purl 
II). (Nationul Museum of Canada, Bull. 97 .) 
Ottawa: Dept. Mines and Resources, 1947. Pp. 
it+ 573. (Illustrated.) $1.00. 

Romanoff, Alexis L., and Romanoff, Anastasia _.L , 
The avian egg. New York: John Wiley; London: 
Chapman & Hall, 1949. Pp. xiii + 918. (Illustrated,) 

$14.00. 


Association Affairs 


Southwestern Division, AAAS. Frank E. K. Her¬ 
mann, executive secretary-treasurer, hns written members 
of the Division that plans for the Alpine meeting on 
May 1-5 are already f&r advanced. Hul Ross State 
Teachers College, Alpine, Texas and the McDonald Ob¬ 
servatory will be joint hosts at. the meeting and twelve 
local committees have been appointed to look nffcer every¬ 
thing from trips to Old Mexico to a free burbeque, which 
will replace the annual banquet. Members are asked to 
bring camping clothes instead of formal dross. Ab¬ 
stracts of papers to be preesnted should be in the hands 
of section secretaries before April 1. 

The 1049 officers of the Division are R. A. Htudhalter, 
Texas Technological College, president; Ernst Ante vs, 
Glolw, Arizona, vice president; and Frank E. E. Hermann, 


University of Colorado, secretary-treasurer. Elected mem¬ 
bers of the Executive Committee include W. M. Crnig 
(1940), Lubbock; Edna L. Johnson (1050), Roulder; 
H. P. Mem (1950), Hants Fe; F. H. Douglas (1051), 
Denver; and O. R. Muenc.li (1051), Las Vegas. Hection 
chairmen and secretaries are, respectively: Biological Sri - 
rnce «— Fred W. Emerson, Now Mexico Highlands Univer¬ 
sity, and L. C. Hinckley, Hul Ross State Teachers College; 
Mathematical Sciences —Earl Walden, New Mexico Col¬ 
lege of Agriculture and Mechanic Arts, and R. D, Rob¬ 
erts, New Mexico Highlands University; Physical Sci¬ 
ences —A. R. Ronzio, Colorado State College, and J. A. 
Hancock, Texas College of Mines; Social Sciences —E. K. 
Reed, National Park Service, Santa Fe, and Edward 
1 erdon, Museum of New Mexico, Santa Fe. 
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NEWS 
and Notes 

National Science Foundation. The 

six National Science Foundation hiUH 
before tin* Public Health, Science, and 
<'oiimierce Subcommittee of the House 
Interstate and Foreign Commerce Com¬ 
mittee will receive early attention, ac¬ 
cording to a statement made March ]0 
by Congressman J. Percy Priest, sub¬ 
committee chairman. The order of the 
hills ’ hearing, he Hllid, was to be 
decided in ail executive session of the 
hii 1 1 eo m m it tee on March 18. 

Congressman Priest plans to urge 
that the Foundation bills be placed 
high on the priority list as legislation 
which already has had considerable 
discussion and can be quickly disposed 
of. He expects that brief hearings will 
be held in order to acquaint new com¬ 
mittee members with the issues in¬ 
volved. He urged that nil interested 
individuals and organizations make 
their yjB^s known to the committee ut 
or before the hearings. He mentioned 
that the only opposition to pending 
bills he knew of was coining from small 
manufacturers, particularly in the 
West, who apparently linve linen in¬ 
formed tlmt p«tout policies will lie 
altered to the detriment of the Hina 11 
businessman and inventor. The source 
of this story seems to linve been “In¬ 
vention News and Views, 1 ’ released by 
tln^ National Patent Counsel. In No¬ 
vember 1948, it carried a new's item 
and an editorial attacking the pro¬ 
posed Foundation legislation as con¬ 
taining “provisions that would supply 
almost unlimited development of n 
bureaucracy authorised to meddle into 
the most intimate and critical social 
relations of the citizens as well as tn 
threaten seriously to disturb the 
orderly development of our interests, ’’ 
It is interesting that manufacturers, 
rather than scientists, should be ad¬ 
vising Congressmen on legislation of 
this type. 

The members of the Puhlir Health, 
Science and Commerce Subcommittee 
who have the responsibility for this 
legislation are: Dcmooratn^-J. Percy 
Priest, Tennessee, chairman; George 
C. Sadowski, Michigan; Thomas B. 
Stanley, Virginia; William T. Grana- 


him, Pennsylvania; A. J. Biemiller, 
Wisconsin; and George H. Wilson, 
Oklahoma; Repvbliran* —,J. P. O'¬ 
Hara, Minnesota ; Wilson l>. Gillette, 
Pennsylvania; Hugh lb Scott, Jr., 
Pennsylvania; and John H. Bennett, 
Michigan. 

In the Senate, there has been no new 
action since 8.247 was reported out by 
the Labor and Public Welfare Com¬ 
mittee last week (Henate Report No. 
90)- On March 10 the bill had not 
yet been placed on the calendar. The 
filibuster ami its after effects may 
seriously delay final Somite action. 

Howard A. Meyerhoff 

About People 

Britton Chance, funner associate 
professor of biophysics at the Univer¬ 
sity of Pennsylvania School of Medi¬ 
cine, has been nppointed director of 
the Eldridge Reeves Johnson Founda¬ 
tion for Medical PIjvhjch ut flic Uni¬ 
versity’s Medical (School. Dr. Chance 
will replace Detlev W. Bronk, who 
became president of Johns Hopkins 
University last January. 

William B. Allington has been ap¬ 
pointed chairman of the Department 
of Plant Pathology at the University 
of Nebraska. Tie succeeds Robert W. 
Gobi, who will remain ns plant pathol¬ 
ogist and professor of Plant Pathol¬ 
ogy, and dean of the Graduate College, 

J. C. Hackleman, Illinois College of 
Agriculture agronomist, was recently 
honored at a bunquet attended by 200 
Illinois seed growers who presented 
him with a cash award in apprecia¬ 
tion of Ids 30 years’ work with them, 
lie plans to make a six-month tour of 
20 states to study seed improvement 
work. 

R. Rugglei Gatei has been ap¬ 
pointed an honorary president of the 
(Seventh International Botanical Con¬ 
gress, to be held in Sweden in 1950. 
Dr. Buggies is emeritus professor of 
botany at the University of London, 
and research fellow in biology at Har¬ 
vard University. 

William Stophemon L director of the 
Institute of Experimental Psychology, 
Oxford University, was among the 49 
new members recently inducted into 
the University of Chicago chapter of 
Sigma XL Others were George Buchi, 
Baden Switzerland; Andrew Fono, 


Stockholm; Rayson Lining Huang, 
Kowloon, Hong Kong; Auguito 
Segre, Rome; Ceaare Emillanl, Bo¬ 
logna, Italy; and George T. E. 
Graham, Rosetown, Saskatchewan. 

Donald W. Pritchard, formerly of 
the Oceanographic Section of the U. S. 
Navy Electronics Laboratory, lins been 
appointed director of the Chesapeake 
Bay Institute, a division of Johns Hop¬ 
kins University. 

Frances Drouet, curator of cryp- 
tugumir bo tuny, Chicago Natural His¬ 
tory Museum, 1ms returned to his post 
after three and a half months of 
botanical exploration on the north¬ 
eastern coast of the Gulf of Mexico. 
T)r. Drouet collected iilmut 13,000 
specimens of seaweeds, algne, and 
other plants which will be used for 
research purposes in the Museum’s 
c ry p toga mi c herb a ri um. 

Alexander Petrunkevitch, profes¬ 
sor emeritus of zoology, Yale Univer¬ 
sity, will leave the lb 8. March 24, to 
visit the museums of Great, Britain 
and Continental Europe. His objec¬ 
tive is the study anil redescription of 
fossil typed of Arachnidu. The work, 
which will take several months, is 
sponsored by the American Philo¬ 
sophical Hoeiety and the Geological 
Society of America. 

John R. Pellam, formerly with the 
Research Laboratory of Electronics at 
MIT, him been appointed to the staff 
of the National Bureau of Standards, 
where he will conduct research in the 
Cryogenics Laboratory. Other NHS 
appointments lire: William Piper, 
former project engineer in the Office of 
Chief HigmU Officer, Department of 
the Army, to the Ordnance Mechanics 
Laboratory of the Electronics Divi¬ 
sion; John W. Utecht, former chief 
engineer for the National Scientific 
Products Company, to the Ordnance 
Engineering Laboratory, and Arthur 
E. Newlon, formerly of the Strom- 
berg-Curlson Company, to the Ord 
nance Research Laboratory of the 
Electronics Division. 

James Gordon Cumihing, Lt. Col. 
Medical Corps Reserve, U. 0. Army, 
has retired as director of the Bureau 
of Preventable Disease,- Washington, 
D. C. Health Department, after 24 
years ’ service with the District govern¬ 
ment. 
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P. N. D. Kurie, former associate 
professor of physics, 'Washington Uni¬ 
versity, St. Louis, will head the new 
Nucleonics Division of the Naval Re¬ 
search Laboratory, Washington, D. C. 
Other members of the Division include 
M. H. Johnson, E. H. Krause, E. J. 
Schremp, nnd M. M. Shapiro. 

On May 1 , Sir Ben Lockspeiser 
will succeed Sir Edward Appleton as 

secretary to the Committee of the 
Privy Council for {Scientific nnd In¬ 
dustrial Research of Great Britain. 
Sir Ben is now chief scientist at the 
Ministry of Supply. 

D. T. MacDougal, director and 
founder of the Desert Research Lnb- 
orntory in Tucson, Arizonu, branch of 
the Cnrnegie Institute of Washington, 
has been honored by the California 
Botanical Society, which dedicated to 
him an issue of its magazine, Madrono. 

Robert A. Stauffer has been elected 
vice president nnd director of research 
of the National Research Corporation, 
Cambridge, Massachusetts. Mr. Htauf- 
fer has been associated with the com¬ 
pany since 1B42. 

Visitors to U. S. 

Olaug Somme, microbiologist at 
the University of Oslo, has been a 
visiting scientist in the Microbiology 
Division, Hcripps Institution of Ocean¬ 
ography, University of California, La 
Jolla since last August and will visit 
biological stations on the JSaet Coast 
lie fore her return to Oslo. 

Borg C. Christensen, of the Fin sen 

Memorial Hospital of Copenhagen, 
Denmark, was a recent visitor at Ar- 
goinie National Laboratory. 

Grants and Awards 

The American Petroleum Institute 

has granted #19,500 to the Microbiol¬ 
ogy Division, Bcripps Institution of 
Oceanography, University of Califor¬ 
nia, in Lu. Jolla, for continuation of 
research involving the role of mioro- 
orgnni hiiih' ll) the formation and trans¬ 
formation of petroleum. The present 
staff includes Claude E, Z obeli, direc¬ 
tor, Frederick D. IHisler, Joseph Q, 
Heplar, Carl IL Oppenheimer, and 
Margaret Knight. 


Iowa State College has received a 
grant of #19,000 from the Rockefeller 
Foundation for research in genetlca 
under the direction of J. W. Gowon, 
head of the gone tics department. This 
ia the fourth grant that the College has 
Received from tin 1 Fmnidntiou for work 
in genetics. 

The 104H recipients of the #1,000 
Borden Awards administered by pro¬ 
fessional and scientific associations 
have been announced as follows: 
A meric mi Academy of Pediatrics: 
Dorothy Tl. Andersen, assistant pro¬ 
fessor in pathology, Columbia Uni¬ 
versity, and assistant pathologist and 
attending pediatrician, Babies Hospi¬ 
tal and Vanderbilt Clinic; American 
Institute of Nutrition: Charles A. 
Carey, chief of Division of Nutrition 
and Physiology, Bureau of Dairy In¬ 
dustry, U. H. Department of Agricul¬ 
ture; American Dairy Science Associa¬ 
tion: Walter L. Guinea, professor of 
Milk Production, University of Illi¬ 
nois ; American Chemical Society: 
Barbour L. Herrington, professor of 
Dairy Chemistry, Cornell University, 
and chemist, New York Agricultural 
Experiment Station; Poultry Science 
Association: William R, Hinshaw, pro¬ 
fessor of veterinary science, Univer¬ 
sity of California, veterinarian, Cali¬ 
fornia Agricultural Experiment Sta¬ 
tion; American Dairy Science Associa¬ 
tion: Egerton ft. Hood, chief, Dairy 
Research, Division of Bacteriology and 
Dairy Research, Science Service, Do¬ 
minion Department of Agriculture, 
Caim da. 

The Washington Academy of 
Sciences presented Certificates of 
Award to three scientists on March 17 ; 
to Rohert .J. Huebner, National Insti¬ 
tutes of Health, in recognition of his 
contributions to knowledge of the 
transmission of certain rickettsial dis¬ 
eases; to Maxwell K. Goldstein, Naval 
Research Laboratory, for his distin¬ 
guished research a^d development in 
the field of electronic engineering; 
and to James A, Van Allen, Applied 
Physics Laboratory, Johns Hopkins 
University, for distinguished service in 
nuclear physics and cosmic rays. Cer¬ 
tificates of Merit for demonstrated 
talent were presented to seven local 
high school seniors, 


The John and Mary R. Marklc Foun¬ 
dation has selected its second group of 
Scholars in Medical Science from 

candidates nominated by accredited 
medical schools in the U. S, and Cnn- 
ndn (see Science, August 20, 1948). 
The program, begun in 1048, is de¬ 
signed to aid young men and women 
planning careers in academic medicine. 
Appropriation of #325,000 for their 
support will be allotted in grants of 
#25,000 each at a rate of #5,000 n year 
to the medical schools in which they 
now bold faculty appointments. The 
13 Scholars and the medical colleges 
nominating them are: Francis P. Chi- 
nnrd, Johns Hopkins University School 
of Medicine; Don W. Fawcett, Hht 
viird Medical School; Allan V. N. 
Goody er, Yale University School of 
Medicine; John B. Graham, University 
of North Carolina School of Medicine: 
John D. Green, Wayne University Col¬ 
lege of Medicine; George Wutwm 
plumes Til, Medical College of Vir 
giniii; Ralph Jones, Jr., University of 
Pennsylvania School of Medicine; 
George E. Moore, University of Min 
licsotu Medical School; C. Barber 
Mueller, Washington University School 
of Medicine; George W. Schwert, .Jr., 
Duke University School of Medicine; 
Beverly T. Towery, Vanderbilt Uni¬ 
versity School of Medicine; W. Clarke 
Wencoe, Cornell University Medical 
College; and Donald R. Wilson, Uni 
versify of Alberta Faculty of Medicine. 

Summer Programs 

Harvard University will offer n 
summer program on “Science in Gen 
ernl Education at the College Level," 
to be conducted by James B. ('onant, 
president of the University, assisted 
by Earl J. McGrath, University of Chi 
cago, Fletcher Watson, of the Har¬ 
vard Graduate School of Education, 
and Duane Roller, Wabash College, 
Crawfordsville, Indiana. Inquiries 
concerning the course may be ad¬ 
dressed to Summer School Office. 
Wadsworth House, Harvard Univer¬ 
sity, Cambridge 38, Massachusetts. 

The Tiaaua Culture Commission 

will sponsor a summer course from 
July 5-30 in the laboratory of the 
Mary Imogens Bassett Hospital, 
Cuoperstown, New York. The pro 
gram, dealing with the principles, 
methods, and applications of tissue 
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culture, will be under the direction of 
John H. Hunks, Applications should 
be sent to Mary 8. Parshley, College qf 
physicians and Surgeons, 630 West 
168th Street, New York City, before 
Map 

The School of Library Service of 
Columbia University will offer a 
course in medical library literature and 
administration July 5-August 12. 
Courses ill science literature, advanced 
information services, biology and 
physiology are also scheduled. Fur¬ 
ther information may be obtained 
from Estelle B rod man, School of Li¬ 
brary Service, Columbia University, 
New York Cify 27. 

Industrial Laboratories 

The Western Division of the 
American Council of Commercial 
Laboratories will hold its annual 
meeting March 26, in the offices of 
Abbot A. Hunks, Inc., Han Francisco. 
Roger W. Trueadnil, president of 
Truusdnil Laboratories, Inc., Los 
Angeles, is chairman of the Western 
Division, and Herbert, 1). Imrie, presi¬ 
dent of Abbot, A. Hunks, Inc., is vice 
president. 

A mercury vapor turbine-genera¬ 
tor, built by General Electric, lias been 
installed in the Hartford (Connecti¬ 
cut), Electric Light Company’s South 
Meadow Station. Capable of produc¬ 
ing 15,000 kilowatts of electricity, the 
new power plant uses mercury vapor 
instead of steam to drive the turbine, 
which in turn drives an electric genera¬ 
tor and also supplies extra heat to 
produce steam for other turbine- 
generators. 

A group of postdoctoral fellowships 
in the natural sciences, supported by 
March and Company, Ltd., of Can¬ 
ada, has been announced by the Re¬ 
search Council of Canada. These 
fellowships, ranging in value from 
42,500 to 46,000, are available to 
qualified Canadian citizens with a 
doctorate degree in chemistry or biol¬ 
ogy for study in selected institutions 
in Canada and abroad. Information 
and applications must be received by 
the Merck Fellowship Board, National 
Keoeareh Council of Canada, Ottawa, 
before April l. 

The Perkm-Elmer Corporation, 


Glenbrook, Connecticut, announces the 
development of a new infrared analy¬ 
zer for continuous automatic analysis 
of as many ns six different components 
in a flowing stream of sample. The 
stream may be either in the liquid or 
gas phase. Cycling time for a six- 
componont. analysis is about six 
minutes. The instrument provides a 
permanent and accurate record of prod¬ 
uct concentration and purity, as well 
as an immediate indication warning 
of process troubles, 

A now 42,500 graduate fellowship in 
analytical chemistry, supported by 
Merck and Company, Rahway, New 
Jersey, has been announced by the 
American Chemical Company. The fel¬ 
lowship is offered for 1949-50, with 
possible renewal for two years follrw- 
ing. Applications must be received 
not later than Map 1 by the American 
Chemical Hociety Fellowship Commit¬ 
tee, 1R55 lflth Street, N.W., Wash 
ington 6, I). C. 

A color computer which can dis¬ 
tinguish 100,000,000 colors—ten times 
as many as the human eye can Hee—hns 
been developed by 11. It. Davidson, re¬ 
search physicist of General Aniline 
and Filin Corporation of Now York 
City, and engineered by D. W. Inun, 
of Librascope, Inc., Burbank, Cali¬ 
fornia. The computer, called the Tri- 
■timulut Integrator, was designed for 
use with the General Electric Spectro¬ 
photometer, invented bv Arthur C. 
Hardy, of the Massachusetts Institute 
of Technology. Together, the two 
instruments analyze colors mathemat¬ 
ically so that if one color does not 
match another the difference can be 
defined unambiguously. 

Meetings and Elections 

Methods to prevent conflicting 
dates of world meetings on medical 
science and pure and applied biology 
will Ik discussed at a council in Brus¬ 
sels, April 4-9. Fifty-four iAtdrnn- 
tional associations, leagues, commit¬ 
tees, and congresses are joining in the 
council. J. Mats in, general secretary 
of the International Union Against 
Cancer, will be chairman of tliA'new 
coordination committee, and arrange¬ 
ments for the meeting are being made 
by I. M. Zhukova,, head of the Medical 
Sciences Division of Uneseo in Paris, 


Kirtley F, Mather, professor of 
geology, Harvard University, will de¬ 
liver the 1949 Westbrook Lecture 
Course, April 14, 21, and 28 at 8:00 
p.in. at the Wagner Free Institute of 
Science, Montgomery Avenue and 17th 
Street, Philadelphia. His subject will 
be "Earth's Resources and Man’s 
Needs.” The public is invited. 

The American Pharmaceutical As¬ 
sociation will hold its annual conven¬ 
tion April 24-30 in Jacksonville, Flor¬ 
ida. Hi* affiliated organizations meet¬ 
ing in Jacksonville the same week are: 
The American Association of Colleges 
of Pharmacy, National Association of 
Boards of Pharmacy, the Conference 
of the Pharmaceutical Association 
Secretaries, the American Society of 
Hospital Pharmacists, the American 
College of Apothecaries, and the 
American Institute of the History of 
Pharmacy. 

The American Psychopathological 

Association will hold its annual meet¬ 
ing at the Commodore Hotel in New 
York City, June 3 and 4. Four mcn 
sioiiN will be held, on the clinical, psy¬ 
chological, physiological, sociological, 
and anthropological aspects of anxiety. 

The first annual meeting of the 
International Cancer Research Com¬ 
mission, formed in 8t. Louis last year 
(tifienre, November 21, 1947, pp. 479- 
483), has been tentatively scheduled 
for July 15-22 in Paris. Further in 
formation may be obtained from 
Ignacio Millun, Chairman, Avcnida 
Veracruz 69, Mexico, D. F. The Com 
mission, which originally consisted of 
oiiii representative from each of 40 
nations, has since been joined by Fin 
land, Iceland, Israel, and New Zealand. 
Negotiations are under way for Dr. 
K inosliita to be appointed as a ii 
observer for Japan. 

Tranmctiom* of the Fourth Inter¬ 
national Cancer Research Congress 
(September 2-7, 1947), are being pub¬ 
lished in five parts, according to nn 
announcement by E. V. Cowdry, presi¬ 
dent of the Congress, The first part, 
consisting of 267 pages, including illus¬ 
trations, tables, and bjief summaries 
of all papers in English, French, Ger¬ 
man, Italian, Russian, and Spanish, 
appeared in 1948 u No. 1, Vol. fl of 
ACTA (Union Internationale Centre 
le Cancer). The other four parts of 
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the Transaetionn will soon be avail¬ 
able. Cost of the complete set will be 
$25 ($5 for each part), and postal 
money orderH for subscriptions should 
be sent to ,T. H. Maisiri, Editor, 61 
Voer des Cnpucins, Louvain, Belgium. 
Reprints of the separate papers can 
also Ik 1 obtained from him. 

The Council of the National In¬ 
stitute of Sciences of India re¬ 
cently elected the following Honorary 
Follows: Louis do Broglie, professor 
of theoretical physics, Poincare Insti¬ 
tute, Paris University; linns von Eu¬ 
ler, professor emeritus of chemistry', 
Stockholm University; Harlow Simp- 
ley, director of Harvard Observatory, 
Harvard University; and Georg Tisch 
lrr, Butnnicnl Institute, Kiel Univer¬ 
sity. 

Deaths 

Floyd Carlton Dockeray, 69, pro¬ 
fessor of psychology at Ohio State 
University mid former professor at 
Ohio Wesleyan University, died Janu¬ 
ary 15. 

Friedrich Schneider, plant breeder 
associated with Rabbethge and Gie- 
secke, seed breeders of Einbeek, Ger¬ 
many, died January' 'll after a short 
illness. 

Felix d’Herelle, 70, Canadian biol¬ 
ogist and laboratory chief of the Pns- 
teur Institute f mm 1914 to 1921, 
died February 22 in Paris. From 
192H to 1934 Prof. it’Herelle had 
served us professor of protobiologv at 
Vale University. 

James Rowland Angell, 79, presi 
dent of Yale University for 16 years, 
(lied at his home in Hamden, Connecti¬ 
cut on March 4. Starting ns assistant 
professor of psychology at the Uni¬ 
versity of Chicago in 1894, Dr, Angcll 
was ncting president by the last year 
of his quarter-century there. After 
his retirement as president of Yale in 
1937, Dr. Angell had been associated 
with the National Broadcasting Com¬ 
pany ns educational director, 


Cosmic ray studies by Cornell 
University physicists are being car¬ 
ried on in a water tunnel drilled 
through 103 feet of solid rock more 


than a century ago by Ezra Cornell 
who, thirty' years later, founded Cornell 
University. The limestone above the 
tunnel acts as a filter and only mesons 
—the most powerful of the cosmic rav 
particles—reach the automatic record¬ 
ing equipment within the tunnel. The 
experiments are being conducted by 
Donald E. Hudson, and Giuseppe Coc- 
coni, researchers in the Laboratory of 
Nuclear Studies, who are using Geiger 
counters, an ionization chamber, and 
other equipment to measure the in¬ 
tensity' of the mesons. 

The current Progress Report of 
Brookhaven National Laboratory 

(BNL-AS-l), which combines the ad- 
mini-itrntiui and scientific progress 
for the |K*riod July 1—December 31, 
194H, is now available. Requests for 
tliis report should be directed to the 
Information Group, information and 
Publications Division, Brookhaven Na¬ 
tional Laboratory, Upton, New York. 

The National Registry of Rare 
Chemicals, 3.5 West 33rd Street, Chi¬ 
cago 16, hns submitted the following 
list of wnnted chemicals: 1,3-dihy- 
ilroxyttnthraquinoiie; liydroxypyruvic 
acid; li-trincnntanol; eaxboxymethox- 
vinmine heinihydrochloride; glucose 
munornrlionate ; dibroniogermane; neo- 
menthol; 3,5 diiodothyrimine; cliavi- 
cine; 0-ke tom tear ic acid; p-men thane; 
enronc; vunlllyj amine; d-puntoyl* 
tnuryl-p-chluroanilide; sylvestrene; 
thymidine; n-docosanni; sphingomye¬ 
lin; tnchlorogeniiniie; and tungsten 
oxide tetrafluoride. 

"Fishes of the Western North At¬ 
lantic” has recently been published by 
the SearH Foundation for Marine Re¬ 
search at Yale University’s Bingham 
Gcennogruphic Laboratory. The 576- 
page study is the first of n series de¬ 
signed to present in one complete ac¬ 
count the results of scientific advances 
of the past 50 years in the field of 
ichthyology. The volume is devoted 
to the most primitive forms of fishes: 
the lancelets, lampreys and hagfishes, 
and sharks, 

Radioisotopes of cobalt, gold, and 
carbon are among the 50-odd elements 
heretofore sold by the IT. 8, Atomic 
Energy Commission that will now be 
made available without charge to ap¬ 
proved cancer research workers. Up 
to this time only iodine, phosphorus, 


and sodium have been provided free. 
The only cost to qualified applicants 
will be >10 per shipment—which will 
cover packaging, monitoring, and book¬ 
keeping—plus the cost of transporta¬ 
tion. Allocation of the free isotopes 
will be niHde for studies involving ani¬ 
mal subjects, research on basic cellular 
metabolism of cancerous cells, and ex¬ 
perimental programs in evalution of 
rndiouetive materials in therapy. Dis¬ 
tribution is administered by the Iso¬ 
topes Division, U. H. Atomic Energy 
Commission, Oak Ridge, Tennessee and 
interested investigators should address 
inquiries there. 

Friends and pupils of the late pro¬ 
fessor Sir IVArcy Thompson have 
formed a committee to establish a 
permanent commemoration of him and 
have inaugurated a D’Arcy Thomp¬ 
son Commemoration Fund for the 
purpose. The committee proposes to 
have a replica painted of the oil por¬ 
trait given by Lady lUArcy Thompson 
to the Department of Natural History 
in the United UolJege and to present 
the replica to University College, Dun¬ 
dee, where Nir IVArcy was professor 
for 33 years. It also proposes to have 
Alfred Forrest’s clay model of Sir 
D’Arcy cast in bronze for presenta 
tion to the University of Ht. Andrews. 
Any further information with regard 
to the plan will be supplied by D. 
R. R. Burt {Secretary to the Com¬ 
mittee), Department of Natural His¬ 
tory, The University, St. Anjlrewp, 
Scotland. * * 


A Special Notice to 
Any Prospective Exhibitor 
in the 

Annual Science Exposition 
of the 

116th Meeting of the AAAS 
New York City, 
December 26-^31, 1949 


If you did not receive a letter 
inviting your participation in 
this year’s annual Exposition, 
and if you would like to receive 
the Official Floor PI an and 
Booth Rental Information 
the release date this monthT?' 

? lease write at once to: B. L. 

'aylor, Assistant Administra¬ 
tive Secretary, AAAS, 15X5 
Massachusetts Avenue, N.W.,. 
Washington fi, D, 0, 
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Quantitative Inferences concerning the Genetic 
Effects of Radiation on Human Beings 


Robley D. Evans, Department of Physics 
Massachusetts Institute of Technology, Cambridge 

I N 1927 H. J. MULLER showed that the natural 
rate of appearance of new mutations in the fruit 
fly could be increased by irradiation with X-raya 
(22). Similarly, mutations have been produced in 
many other organisms, including plants such as corn, 
barley, and beans, by acute and by chronic irradiation. 
These observations have stimulated much speculation 
with regard to their applicability to mammalian forms 
and especially to man. 

Lorenz and Heston (20) found that mice bred from 
live to Bix generations while continuously exposed, 24 
hours a day, to 1.1 r and 0.11 r of radium gamma 
radiation 1 showed no damage to chromosomes, as evi¬ 
denced by normal litter size and apparently normal 
life span. Deringer et al. ( 7 ) exposed mice chron¬ 
ically 8 or 24 hours a day to 8.8 r or 4.4 r. Total 
accumulated doses were for females 770 r and 880 r, 
and for males 1,100 r. No evidence for the produc¬ 
tion of visible genetic changes was obtained in the im¬ 
mediate offspring of mice thus irradiated. No evi¬ 
dence was found for the production of chromosome 
translocations in tests of the offspring of male mice 
exposed to a total dose of 1,100 r at the rate of 8.8 r 
given for 8 hours a day, nor in the offspring of female 
mice which received a total dose of 770 r at the rate 
of 8.8 r given 24 hours a day. 

Hertwig (14, 15) demonstrated the production of 
four recessive gene mutations. Of these, two were 
produced in the offspring of male mice mated im¬ 
mediately after irradiation (irradiation of mature 
sperm), and resulted in retarded growth. The second 
two were produced in offspring of male mice mated 
after recovery from a period of temporary sterility 
following irradiation (irradiation of spermatogonia, 
or sperm-forming cells). They produced anemia and 
oligodactylism. 

The acute dose in Hertwig’s cases was 1,500 r of 
X-rays to the testes (10), the rest of the body being 
shielded to prevent death from whole body irradiation. 
The mutations were discovered by breeding the sons 
of the irradiated males to their own daughters. If 
the entire body had been irradiated at the dosage rate 
used locally in this experiment it would have re¬ 
ceived more than twice a lethal dose. Snell (<8ff) 

l One roentgen (r) of X radiation Or of gamma radiation 
produces ton Lent ion In tissues to an average extent Of about 
LS loQ.patrv per cubic micron, or l.QxlOu ion-pairs per 
of tissue. 


found that about one-third of the progeny of mice 
whose testes were exposed to acute doses of about 
600 r produced litters of reduced size. This con¬ 
dition of hereditary “semisterility” is believed to be 
caused by chromosome breakage and translocation (a 
class of chromosomal mutations [10]), not by gene 
mutation. 

The importance of genetic changes in human beings 
justifies an attempt to extrapolate to man (5, 8) the 
abundant genetic data on the fruit fly, Drosophila 
melanogaster, and on plants. Cutcheside especially 
has made commendable contributions toward quantita¬ 
tive estimations of the possible genetic effects on 
human beings of irradiation. 

In Drosophila melanogaster which has only four 
pairs of chromosomes, genetic studies have led to the 
conclusion that the number of individual genes in each 
long chromosome is of the order of 1,000. We may 
take the set of chromosomes to include some 3,000 
positions for genes. In man the totaJ number of 
genes per gamete is unknown, but since there are 24 
chromosomes, with a total length perhaps 10 to 12 
times that of the four chromosomes of Drosophila 
melanogaster, the total number of genes in man is 
very likely greater than 5,000, and probably lies be¬ 
tween 10 4 and 10 D . Recent estimates suggest a value 
of (3±1) x 10 4 genes per gamete in man (28). 

Spontaneous Gene Mutations 

In all organisms so far studied, there is a sponta¬ 
neous gene mutation rate which has an average value 
such that the probability of mutation is of the order 
of 10~ B to 10 _fl per g'ene per generation and appears 
to he independent of the average life span. Also in 
man the observed spontaneous mutation rate is about 
10 _0 per generation for hemophilia (13) and for 
epiloia (li). 3 Thus in long-lived organisms the gene 

1 These two diseases happen to be well suited to the calcu¬ 
lation'of mutation rates, and no reason la known for suspect¬ 
ing that the rates found should be any higher or lower than 
for genes whoso mutation rates are now unknown, It Is, of 
coarse, possible that these measured mutation rates In man 
are automatically selected samples of genes which are rela¬ 
tively more mutnble than the average of all genes In man. 
The decision must obviously await the accumulation of quan¬ 
titative data on' other mutations In man. It Is Interesting 
to note that a value of about l0-« per gene per 1 generation 
was found (0J) In tbe Italian population of Rochester, New 
York, tor the mutation causing thalassemia, A disease which 
appears to be found predominantly In pereons of Mediter¬ 
ranean derivation. 
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material appears to be somewhut more stable, per unit 
of time. The range of numerical values is easily ex¬ 
plained on quantum mechanicnl grounds (25). Ap¬ 
parently, the chemical activation energy, for an iso¬ 
meric change in the configuration of the molecule or 
molecules comprising the gene, is slightly greater for 
the genes of long-lived animals. Small differences 
in this activation energy (which is of the order of 1 
to 2 electron volts) can account for differences of sev¬ 
eral millionfold in the mean life of a gene configura¬ 
tion. Thus the observation that the average sponta¬ 
neous mutation rate is of the order of 10~ B per gene 
per generation, regardless of life span, is experi¬ 
mentally and theoretically acceptable. 

If there are N genes per gamete, and if the average 
probability of a spontaneous recessive mutation is 
= per gene per generation, then aN is the mean 
number of new recessive mutations per gamete per 
generation. It has been estimated (5) that seriously 
deleterious and lethal mutations constitute perhaps 
one-quarter or less of the spontaneous mutations, and 
that minor recessive mutations predominate. In the 
long run, the extremely unfavorable mutations leading 
to hereditary abnormalities are almost wiped out by 
natural selection. The recessive mutations become 
distributed in the population of succeeding genera¬ 
tions, and appear in an individual only if both parents 
carry the same recessive mutation. 

The generation time for man is about 25 years, or 
40 generations in 1,000 years. Thus there has been a 
long accumulation of recessive mutations, and each 
individual curries far more mutated geneB than have 
arisen through mutation in his own generation. Be¬ 
cause of relatively recent social changes such as the 
industrial revolution,"the human population is not in 
genetic equilibrium ( 1 - 2 ). The persistence ( 1 , 2 , 16) 
of any particular recessive mutation in the population 
will depend on the degree of inbreeding in the popula¬ 
tion, loss of particularly unfit mutants by natural se¬ 
lection, loss by reverse mutations or second mutations 
of the same gene, and interbreeding of semi-isolated 
population groups. Because genetic equilibrium be¬ 
tween mutation and selection cannot be assumed for 
the slightly deleterious mutants, it seems reasonable 
to assume, somewhat arbitrarily, that at least m = 50 
times as many recessive mutations have been accumu¬ 
lated in the population as are produced by spon¬ 
taneous imitation in each generation. Then if aN is 
the spontaneous mutation rate per generation, and 
m is the accumulation factor, the average number of 
recessive mutant genes per germ cell of each member 
of the population may be written as n = m • aN . As¬ 
suming, tentatively, that m = 60, we have n = 50 - aN. 


If a particular sperm cell contains ft! recessive mu¬ 
tations distributed randomly among N genes, then 
the chance that a particular designated gene carries 
a recessive modification is n x /N. Similarly if an ovum 
carries n a recessives, the chance that the same desig¬ 
nated gene carries a recessive mutation is n 2 /N. The 
chunce of coincidence, in the union of these two gam¬ 
etes, is then (n x /N) (n 2 /N) for the particular desig¬ 
nated gene. Because there are N genes altogether iu 
each garitetc, the chance of observing a coincidence of 
any two recessives in any of these N genes in then 
(n x /N) (n 2 /N)N = n 1 n 2 /N. Then the statistical chance 
of the occurrence of a hereditary nbnonnnlity or 
anomaly due to the coincidence of two recessive mu¬ 
tations is C n = n t n 2 /N. If we assume w, = n 2 = mnN = 
(50x10"“)#, and that N ia as large as 10 s , then 
C 0 - (2,5 x 10" 7 )#-0.025 is the estimated fraction of 
all births 3 in which some sort of recessive modification 
may he expected to appear visibly in the progeny. 

Radiation-induced Gene Mutations 

The mutations that can be induced by X-rays, 
gamma-rays, or ultraviolet light in a variety of or¬ 
ganisms are not novel types of changes, but are sim¬ 
ilar to the mutations that occur spontaneously. The 
number of mutations produced is simply increased by 
the irradiation. Radiation-induced recessive muta¬ 
tions can be identical with spontaneous mutations in 
an unirradiated individual, A gene mutation that has 
occurred spontaneously or that has been produced by 
radiation (e.g., a—» a'), can return to the original, 
or “wild type” (a'—>a), spontaneously or as a re¬ 
sult of irradiation of the progeny, although the sta¬ 
tistical chance of this happening is low. 

Although most of the spontaneous and the radia¬ 
tion-induced mutations are undesirable, a few are ad¬ 
vantageous, For example, the present high commer¬ 
cial yields of penicillin are due in part to the exclusive 
use of high yield strains of PenicUlium, selected from 
a large number of radiation-induced mutants of the 
naturally occurring parent mold (1-3, 6, 17, 24). Of 
course, this high yield is beneficial to us, but it has 
not been proved rigorously that it is beneficial to the 
Penicillium. 

In Drosophila melanogaater, gene mutations in the 
X-chromosome of mature sperm have (5) an average 
induction rate of about b x = 3 x 10~* per gene per 
roentgen, The mutation induction rate at a partic¬ 
ular gene locus varies by as much as a factor of 5 in 
either direction from this average value. Most of the 

*It baa been estimated that 22 percent ot all human con¬ 
ceptions terminate In nonvlahle offspring (ts). This In¬ 
cludes all CAUMB of death of the foetus, of which an unde¬ 
termined but preaumably email fraction are genetic caueee, 
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measurements have been accomplished by the use of 
genetic techniques especially applicable to the obser¬ 
vation of sex-linked lethals, but enough has been done 
on sex-linked visible recessives to suggest that the re¬ 
sults are similar. Presumably about the same average 
numerical value will also apply to gene mutations in 
the other chromosomes, although present genetic tech¬ 
niques have led to numerical results only for genes 
located along the X-chroniosome in irradiated sperm. 

There are measurable differences in the mutation in¬ 
duction rate in sperm of Drosophila melanogaster 
which have been irradiated at various stages in the 
process of spermatogenesis. When immature h per in 
are irradiated nt the early spennatogonial stage, the 
number of visible sex-linked mututions eventually pro¬ 
duced is only about one-hall' as great ns is found fol¬ 
lowing the same irradiation dose given to mnture 
sperm. The effective ratio of the radiation sensitivity 
of immature to mature sperm is even smaller (ratio 
of ubout 1: 5) for sex-linked lethal mutations. These 
effects probably arise because many of the altered 
spermatogonia, or immature sperm, fail to survive 
through the process of spermatogenesis and hence 
never become available ns mature sperm (10). 

At radiation rates of 0.6 r/hr and greater, the num¬ 
ber of sex-linked mutations induced in inuture sperm 
of Drosophila melunogcLster appears to be independent 
of dose rate (12), or quantum energy, and to be 
linear (27) with total irradiation dosage from 25 r 
to at least 1,000 r. The assumption is usually made 
that this constant mutation induction rate per roent¬ 
gen will hold even at very low dosage rates. Recently, 
however, experiments have been completed (f) at the 
very low dosage rate of 2.5 r/day. Mature sperm of 
the Canton Special strain of Drosophila melanogaster, 
stored in the spemiathecae of females of the Muller-5 
strain, were irradiated with radium gamma-rays at a 
rate of 2.5 r/day for 21 days, at the end of which 
time the sperm had accumulated a total dose of 52.5 r. 
The progeny resulting from subsequent fertilisation 
by these aged and irradiated sperm showed an unex¬ 
pectedly small number of mutations, and indeed was 
not significantly different statistically from that of 
unirradiated controls. The number of sperm tested 
was such that the probability is less than one percent 
that the result is merely a chance deviation from the 
nile of proportionality between total dosage and the 
number of induced mutations. The possibility there¬ 
fore exists that the genetic effects per roentgen may 
be less at very low dosage rates than the effects pre¬ 
viously observed at higher dosage rates, where repair 
or recovery of the gene material has not been ob¬ 
served, Further experiments at low dosage rates are 
needed to answer this question, since it has an im¬ 


portant bearing on the “point-hit theory” of radiation 
effects and on the extrapolation of data to the case 
of inen who are occupationally exposed to radiation at 
very low dosage rates. 

In more recent studies (27) of the Canton Special 
strain of Drosophila melanogaster it required a dose 
of about 50 r to mature sperm in order to double the 
number of new sex-linked visible and lethal mutations. 
In these observations the spontaneous mutation rate 
for sex-linked lethals is 0.0010, while the induced rate 
is 0.00002 per r. Writing JV x for the number of gene 
loci on the X-ehromosome, we have a x N x /b X N= 
0.0010/0.00002 = 50 r to double the spontaneous mu¬ 
tation rate. If N x is about 1,000, the spontaneous 
mutation rate would be about ax = 10 fl pet^gene per 
generation, and the induced mutation rate would be 
about b x = 2 x 10~ 8 per gene per roentgen, for this 
strain under the particular cultural conditions of this 
experiment. 

Quantitative observations of the rate of induction 
of mutations by radiation have been made in a vari¬ 
ety of organisms, including Drosophila, tobacco mosaic 
virus, and bacteria. The results are remarkably sim¬ 
ilar. Because Huch widely different organisms as Dro¬ 
sophila, virus, and bacteria exhibit substantially the 
same rate of induced mutation per roentgen, it is 
usually assumed that about the same average numer¬ 
ical value, b = 3 x 10 B per gene per roentgen, may 
also hold for induced mutations in mature germ (sells 
in man. 

In man, mnture sperm have a fertile life span of 
about seven weeks (10) but the relative sensitivity 
of sperm and eggs at various developmental stages is 
unknown. We may represent the lime overage of the 
relative radiation sensitivity of immature sperm and 
eggs in man by k, oa compared with the relative sensi¬ 
tivity k = 1 for mature gametes. For low level radia¬ 
tion continued over a time which is long compared 
with seven weeks, k may be significantly less than 
unity for the male, but substantially unity for the 
female. If these factors could be evaluated numeri¬ 
cally for man, then in the equations and computations 
which are to follow one would replace the radiation 
sensitivity, b per gene per roentgen, by the smaller 
quantities k ^ for males and k 2 b for females. Because 
of the large uncertainty in the currently available nu¬ 
merical estimates of k, we would hardly be justified 
in carrying this refinement into the calculations. So 
in what follows we shall use the maximum values 
fc, = k 2 = 1, thereby assuming that immature sperm and 
eggs have aJS great a radiation sensitivity as mature 
gametes. We will therefore overestimate the genetic 
effects of ehronic irradiation, insofar as this particu¬ 
lar factor is concerned, 
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Ratio of Induced to Spontaneous Mutations 

It ia interesting to note that cosmic radiation and 
local gamma radiation, totaling about 0.3 mr per day, 
are entirely inadequate to account for the natural 
spontaneous gene mutation rate. Even in a long- 
lived organism such as man, the dosage from natural 
sources of radiation amounts to only about 0.1 r per 
year, less than 3 r between birth and the average 
childbearing age. Such a small amount of radiation 
would give only about 36 = 9 x 10 _B mutations per gene 
per generation, whereas the few observed spontaneous 
human rates of a = 10 -5 per gene per generation are 
more than 100 times as large. 

We see that a total dosage of the order of aN/kbN = 
10 _B /3 x 10 -8 = 300 r per generation is required to 
bring the induced rate up to equality with the natural 
rate of mutation per generation. Thus an average 
dosage of about 300 r per individual per generation 
would be required to double the natural rate of ap¬ 
pearance of new gene mutations per generation. If 
we chose a lower numerical value for the spontaneous 
mutation rate, say a = 3 x 10~ a , the rate-doubling dose 
a/b would become about 100 r, provided k = 1. 

A radiation worker whose whole-body dosage, and 
hence gonadal dosage, is limited to 0.1 r per working 
day, as is now the practice in the United States, could 
at most receive 0.5 r in a five-day week, or 25 r a year, 
or 250 r in a 10-year working period before childbear¬ 
ing. Actually, the daily average radiation dose per 
worker will fall far below this maximum because on 
many days an individual's dose will be much leas 
than the maximum permitted value of 0.1 r. For ex¬ 
ample, the average daily dose at installations like the 
Hanford Engineer Works and the Oak Ridge Nar 
tional Laboratory is about 0.005 r. Only rarely does 
any individual receive the maximum 0.1 r dose. Thus 
the average 10-year dose, at 0.005 r per day, is only 
about 20 r for these groups. 

In the notation introduced earlier, wc may WTite 
that the number n x of recessive mutants transmitted in 
an individual’s germ cells will be the sum of the ac¬ 
cumulated naturally occurring mutants, maN, plus the 
induced mutants, kbDN } where D is the dose in roent¬ 
gens which this individual receives before he has 
children. Thus: 

n x = maN + kbDN 

Writing n D = maN for the naturally occurring mutants, 
and f l for the ratio of the new total to the unir- 
radieted total n 0 , we have: 

f! = Vdo = (maN + kbDN)/maN = 1 + 

ma 

If the numerical values developed earlier turn out to 
be approximately correct for man, then with b = 


3 x 10" 8 per gene per r, a = 1(H per gene per genera¬ 
tion, an accumulation factor of m = 50, and the rela¬ 
tive radiation sensitivity of immature to mature gam¬ 
etes k-lf we have: 

£ 1 = 1+ (0xl(H)D 

Thus a radiation worker who received D = 250 r before 
having children will have f t = 1 + 0.015, and n x = 
1.015n o , or 1.5 percent more mutants than if unir¬ 
radiated. If he then has children by an unrelated 
and unirradialed spouse (» 2 = » 0 ), the statistical 
chance of an inherited anomaly due to recessive gene 
mutations ie: C = n t n 2 /N = (1.015» o )n 0 /lV = 1.015C o , 
or only 1.5 percent greater than the normal chance C Q . 

The occurrence of inherited anomalies in the first 
generation offspring due to dominant mutations in¬ 
duced in one parent by radiation is more difficult to 
estimate numerically because of the lack of numerical 
data, but may be the more important hazard. Here 
the accumulation factor, m', will be Binaller and will 
depend more strongly on the degree of unfitness con¬ 
ferred by the particular mutant. The degree of dom¬ 
inance (or ‘'penetrance") of the mutant will affect its 
visibility as well as its accumulation. For the sake of 
estimating an order of magnitude, we might make 
some rough assumptions. If the ratio of induced to 
spontaneous dominant mutations, (6W) is the same 
as (6/a) for recessive mutations, and if the penetrance 
is taken at its maximum value of unity, and the fit¬ 
ness taken such that the accumulation is about m' = 3, 
then the rntio, f of induced to spontaneous dominant 
mutant genes per gamete would be very approxi¬ 
mately : 

f'n (mVN + kb'DN)/mVN 
= 1 4- kb'D/mV ~ 1 + k(b/a)I)/m' 

1 + 1 x (3 x 10- a /l<H) D/3 - 1 + 1(HD, 

or about 1.25 for D = 250 r. That is, if the pene¬ 
trance is unity, then the statistical chance of the ap¬ 
pearance of a dominant anomaly in the first genera¬ 
tion offspring would be increased by about 25 percent 
over the chnnce of the same anomaly's occurring 
spontaneously. It is interesting to note that the 
medical literature already contains reports of over 
2,250 cases of women whose ovaries were treated with 
X-rays (mostly 60 to 100 r, for various gynecological 
conditions) and that no anomalies definitely attrib¬ 
utable to radiation have been observed in their sub¬ 
sequent offspring ( 9,10,18, 21). The offspring would 
show dominants, if present, and male offspring would 
show sex-linked recessives, if present;. However, 
other recessives would not be visible in the first gener¬ 
ation offspring. 

The natural rate of congenital anomalies C7 0 is 
small, and is already influenced by such factors as 
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nutrition, consanguineous marriages, and socio-eco¬ 
nomic shifts. Therefore, many eugenists and geneti¬ 
cists feel that no significant eugenic harm would be 
done by the additional factor of radiation, provided 
that radiation doses to the general population were 
confined to values that would not more than double 
C Q within the foreseeable future. Whereas we see 
that the effects in the first generation progeny are 
small, we must olso consider the accumulated effects 
of recessive mutations over, say, 2,000 years. Because 
the induced mutations arc similar to the natural mu¬ 
tations, and because genetic equilibrium cannot be 
assumed, we should use the same accumulation factor, 
m, for the ratio of the accumulated induced mutations 
present after many generations to the new induced 
mutations per generation. Dealing now with popula¬ 
tion averages, and assuming equal average irradiation 
for both sexes, we have after many generations: 

n, = n a - maN + mkbDTN 
= n 0 (l + kbDj/a) 

where D x is the average, over all individuals of both 
sexes, of the number of roentgens to the gonads per 
generation up to the end of the childbearing period. 
If we require that the congenital anomalies be no 
more than doubled, then 


n , n 2 



hence : 1 + kbDj/a = n/2. 

It is to be noted that this general result, for the con¬ 
dition after many generations, is independent of the 
accumulation factor m, and that the genetically per¬ 
missible average dose D ± depends only on the average 
spontaneous mutation rate a, and the average in¬ 
duced mutation rate b. Again assuming rt = 30“ 8 per 
gene per generation, k = 1, and b = 3 x 10 8 per gene 
per roentgen, we find: 

D,-(V2-1) (a/kb) 

= 0.414 x 10- fl /3 x 10 H 
= 140 roentgens. 

Since the dose D x deals with population averages 
(both men and women) and is the mean dose per head, 
D a = 140r could be realised by 100 percent of the 
population receiving 140 r, or 50 percent receiving 
280 r, or 10 percent receiving 1400 r, etc. If, for ex¬ 
ample, as many as five percent of the total population 
received an average dose of 280 r before childbearing, 
then the average dose to the entire population would 
be 0.05 x 280 = 14 r, and the eventual fractional in¬ 
crease (after, say, 2,000 years) in congenital anoma¬ 


lies due to radiation could be expected to be about: 

C/C 0 = (1 + 3 x 10-8 x 14/10- 5 )■ 

= (14- 0.041) 3 
= 1.08 

or only eight percent greater than the spontaneous 
rate in a similar unirradiated population. If we as¬ 
sume a smaller value for the spontaneous mutation 
rate, say, o = 3xlO- 0 , then for C/C 0 = 2, the average 
dose per h ead , per generation becomes D l = 42 r, while 
an average dose of D A =14r would give only C/C 0 = 
(3 + 0.34) 2 -1.30, or 30 percent greoter than the spon- 
tuneons rate in a similar unirradiated population. 

Conventional equilibrium theory. In a statistically 
large population, it is well known (e.g., Hogben, 16, 
p. 195) that if s is the fractional reduction of net fer¬ 
tility in individuals who are homozygous with respect 
to a particular recessive mutant, then when genetic 
equilibrium between selection pressure and mutation 
pressure is renched, the gene frequency of this reces¬ 
sive will be yja/s. Thus in our notation, ma-^/a/a, 
or m-y/\/aa for spontaneous mutations, while 
mn f mbkD = \/a + bkD)/a for the sum of the spon¬ 
taneous and the induced mutations. However, if the 
selection coefficient, s, is small, os is probuble for 
many of the minor recessive mutations, then constant 
conditions over a period of many thousand genera¬ 
tions are required before genetic equilibrium with 
respect to such genes is closely approached (e.g., Hog¬ 
ben, 16, p. 143). Even so, this standard treatment in 
the existing mathematical theory of genetics neglects 
reverse mutations or second mutations of the same 
gene, inbreeding, statistical fluctuations in partially 
isolated population groups of finite size (29), and 
population shifts which result in interbreeding be¬ 
tween population groups. 

It may be worth while to note what could be de¬ 
duced for human populations, if it were permissible to 
assume genetic equilibrium. The effective accumula¬ 
tion factor m-l/sjaa for minor recessive mutations 
might then be of the order of magnitude of 1,000 or 
more after many thousand generations of constant 
conditions. This would reduce our estimate of the 
first generation effects by a factor of 1,000/50 = 20 
or more, and suggests that our estimate of m = 50 for 
the uonequilibrium case may even be nnduly conserva¬ 
tive. After thousands of generations of exposure to 
D x t per generation, the new equilibr ium mutant gene 
frequency per gene locus would be V(« +• kbD x /s, and 
the ratio C/C a of birth anomalies in irradiated and 
unirradiated populations would become (a + kbD x )/a = 
(1 + kbD x /a), instead of the square of this quantity, 
as derived for the nonequilibrium ease. Thus again, 
the numerical estimates made on the nonequilibrium, 
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or square-law model, appear to lie well on the con¬ 
servative side. 

Many simplifications of known genetic facts have 
had to be mnde in arriving at these numerical values 
but the analytical form and the general order of mag¬ 
nitude of the results should not have been ultered 
thereby. Certainly the gradual accretion of knowl¬ 
edge in cytogenetics will permit future refinements in 
such calculations. Although one cannot be dogmatic 
where extrapolations of data are involved, it does 
seem highly improbable that any detectable increase 
in hereditary abnormalities will result, even after 
many generations, from daily radiation doses up to 
0.1 r per dny given to a small fraction of the popu¬ 
lation. 

To review the genetic concepts and experiments 
most pertinent to the question of mutations induced 
by radiation: For a variety of organisms, the prob¬ 
ability of a spontaneous gene mutation is of the order 
of 10 _B to lO -6 per gene per generation, and is sub¬ 
stantially independent of the life span. Experiments 
on several types of organisms have shown that irradi¬ 
ation can produce gene mutations. These induced 
mutations arc not novel types, but appear to be 
entirely similar to those which occur spontaneously. 
When the irradiation is carried out at a rate of 0.6 
roentgens per hour, or higher, the average probability 
of inducing a gene mutation is about 3 x 10~ B per 
gene per roentgen. The spontaneous mutation rate is 
therefore very much higher than could be expected 
as a result of the cosmic radiation and local gamma 
radiation (0.3 mr/doy) and is therefore due to other 
causes than irradiation. When the irradiation of ex¬ 


perimental organisms is carried out at a low rate 
(order of 1 to 8 roentgens per duy) no induced 
mutations have yet been observed in the organisms 
studied (fruit fly, mouse). This suggests that the 
effective average radiation sensitivity of immature 
sperm and eggs may be less than the sensitivity of 
mature sperm and eggs. Dominant mutations may 
become visible in the first generation offspring. Re¬ 
cessive mutations may appear only in homozygous 
individuals of a later generation, und therefore re¬ 
cessive inutntions accumulate in the population as a 
result of both spontaneous and induced mutations. 
From the appropriate mathematical theory, and the 
experimental data now available, it seems safe enough 
to conclude that no detectable increase in hereditary 
abnormalities is likely to result, even after many gen¬ 
erations, if a small fraction of the population receives 
daily radiation doses up to 0.1 roentgen per day. 

[This article is based on a manuscript prepared for a 
1 * Symposium on Certain AspecAs of Atomic Warfare,” 
held under the auspices of The Commandant First Aaval 
District at the Harvard Medical School, October IS, 1948. 
Preparation of the paper was assisted in part by the 
joint program of the Office of Naval Research and the 
Atomic Energy Commission, and by a grant-in-aid from 
the National Institutes of Health. It is a pleasure to 
record my indebtedness to Professor Charles H. Blake, 
of the Massachusetts Institute of Technology for many 
stimulating conversations on genetic questions, and to 
Professor Donald R. Charles, of the University of Roch¬ 
ester, Dr. D, G. Catcheside, of Trinity College , Cam¬ 
bridge, England, and Dr. L. H. Gray, of Hammersmith 
Hospital, London, England, for their kindness in criti¬ 
cizing the original draft of the manuscript .] 
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Neomycin, a New Antibiotic Active against Streptomycin- 
Resistant Bacteria, including Tuberculosis Organisms 1 

Selman A. Waksman and Hubert A. Lechevalier* 


New Jersey Agricultural Experiment Station 
Rutgers University 

T HE ISOLATION OF STREPTOMYCIN from 
two strains of an nctinomyces identified aa 
Streptomyces griseun, whs reported (fi) from 
this laboratory five years ago. This was later fol¬ 
lowed by announcements that this antibiotic is highly 
effective against the tuberculosis organism (5), that 
it is active in vivo against a variety of pathogenic 
bacteria, and that it is not very toxic to animnls (7). 
The ability of streptomycin to control experimental 
tuberculosis was soon established (40- Within less 
than a year after the isolation of streptomycin had 
been reported, its effectiveness upon certain forms of 
human tuberculosis was demonstrated (3). Thus, for 
the first time in the history of human tuberculosis, a 
drug was found which could be used in the treatment 
of tuberculosis by means of chemotherapeutic agents 
and which pointed to the possibility of finally eradi¬ 
cating the "white plague” of man. 

Streptomycin has, however, certain important limi¬ 
tations, chief among which are (a) its neurotoxic 
potentialities, and (b) the development of resistance 
among the infectious organisms upon its prolonged 
administration. Recent experiments (4) seem to indi¬ 
cate that the toxic reactions can apparently be over¬ 
come, at least partly, by the use of dihydrostrepto- 
myoin, a reduced form of streptomycin. The problem 
of development of resistance remains, therefore, as 
the major limitation of this antibiotic, especially in 
the treatment of tuberculosis. 

The possibility of isolating or synthesizing new com¬ 
pounds that would be effective against the strepto¬ 
mycin-resistant strains of bacteria suggested itself. 
Various reports indicated that certain synthetic com¬ 
pounds such as the sulfones and para-aminosalicylic 
acid, and various antibiotics such as different forms 

1 Paper of tbe Journal Series, New Jersey Agricultural 
Experiment Station, Rutgers Unlverslty-The State Univer¬ 
sity of New Jersey. Department of Microbiology. This work 
was eupported by a grant from the Rutgers Research and 
Endowment Foundation. 

•The authors wish to express their sincere appreciation 
to Dr. A. Swart, Miss D. Hutchison, Mr. D. Harris, Mr. W. 
Iverson, and Mr. B. Kats of this laboratory, for assisting 
with some of the Investigations reported here; also to Mr. J. 
Franfcel of this laboratory, and Mr. O. Graessle, of the Merck 
Institute of Therapeutic Research, for assisting with the In 
eioo studies. 


of streptothricin (5) and aureomycin (1) might prove 
to possess such properties. Although the results ob¬ 
tained thus far in some of the preliminary investiga¬ 
tions with these substances are highly encouraging, 
they still appear to be inconclusive. We do not yet 
know whether or not any of these would serve to re¬ 
place streptomycin, completely or partly, or to sup¬ 
plement it on more than a very limited scale. They 
may not be sufficiently active against the bacteria, or 
they may be toxic to animals and man, or they may 
lack stability, or have some other limitations. 

In connection with the studies on the production of 
antibiotic substances by microorganisms, curried out 
in our own laboratories since 1939, many thousands of 
cultures, mostly actinornycetes belonging to the genus 
Streptomyce$, were isolated from soils, composts, 
peats, and other natural substrates and tested for 
their activity against different bacteria; emphasis has 
been laid, in recent years, upon the mycobacteria. 
Surprisingly enough, a large number of the organisms 
thus isolated were found to possess considerable 
activity against Mycobacterium tuberculosis. Unfor¬ 
tunately, only a very few of the antibiotics produced 
by these organisms proved to be suitable chemothera¬ 
peutic agents, because of various limitations, some of 
which were just mentioned. Tbe fact that numerous 
strains and species of Streptomycea possess the 
capacity to inhibit the growth of mycobacteria, how¬ 
ever, and even to produce active antituberculosis com¬ 
pounds, and the fact that one of these, streptomycin, 
already had found practical application as a chemo¬ 
therapeutic agent, offered the hope that sooner or 
later other substances would be found that might be 
even better. In search for new compounds, particu¬ 
lar attention was paid to those that would be effec¬ 
tive against streptomycin-resistant bacteria, notably 
against tbe streptomycin-resistant strains of M. tuber¬ 
culosis. The discovery of such an agent, designated 
as neomycin, is reported here. 

The organism producing neomycin was isolated 
from the soil. It is somewhat related to a culture 
isolated from the soil in 1915 by WakBman and Curtis 
(10) and designated as Actinomyces f radii (now 
listed in Sergey's Manual as Streptomycea fradios). 
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When the newly iBolated on]tare wu grown in various 
media containing a source of nitrogen (peptone, meat 
extract), a carbohydrate (glucose), and salt (NaCl), 


2. The antibiotic spectrum of the crude neomycin is 
quite distinct from that of streptomycin, on the one 
hand, and of streptothricin, on the other. 


TABLD 1 

Antibacterial Activity or Culture Filtrate 
Containing Neomycin 


TABLE 3 

Effect or Neomycin upon the Gbowth or Different 
Strains of Jf. tuberculosis in Dubob Medium* 


Units of activity In 1 ml of broth 


Test organism _ _ , _ . ., 

Incubation* Incubation* 

8 days 5 days 


Baoheriohia ooU . 

Bacillus sub till $ . 

B. myooIdea .. 

Btaphylocoocus aureus . . 
Mycobacterium 607 

M, ronos .. 

If. avium . 

Jf. phlei . 


uo 

100 

800 

1,000 

880 

400 

B30 

330 

830 

1,000 

BOO 

1.000 

200 

600 

830 

1,000 


* Sbahcn cultures Incubated at 28" C. 


Test organism 


Growth Inhibi¬ 
tion unlts/ml 


M. oiHimt-. 4.0 

Jf. avium HU . 4.0 

Jf. tuberculosis H37Hvf . 0.1 

Jf. tuberculosis H37RvIit . 0.2 

Jf. tuberculosis H87Rv . 0.5-1.0 

Jf. tuberculosis HS7KvR . 1.0 

Mvcrobaetorlum 607 . 0.1 

Jf ycrobactrrtum ff07R . . 0.2D 


* Incubation at 87 e /C for 14 duyH. 

t This particular test wus made In anolhrr laboratory. 
% R - streptomycin-resistant strain. 


it was found to produce neomycin under both station¬ 
ary and submerged conditions of culture. The anti¬ 
biotic can easily be removed from the culture medium 
and concentrated by the methods of adsorption and 


Neomycin preparations were found to possess sev¬ 
eral desirable properties, which fully justified a more 
detailed study of this antibiotic: (1) similar activity 


TABLE) 2 

Antibiotic Spectrum or Crude Neomycin, as Compared to That of Crude 
Streptomycin and Streptothricin 



Dilution units per gm required to Inhibit growth of test organisms 


Neomycin 

Streptomycin* 

Streptothricin” 

B. aubtilia . 

150,000-700,000 

125,000 

125,000 

B. mycoides . 

20,000-150,000 

20,000 

1,000 

B. oereua . .. 

20,000- 60,000 

80,000 

1,000 

8. o ureua ., . . 

100,000-250,000 

15,000 

50,000 

8. In tea . 

10,000 

100,000 

37,500 

B. ooli SSt . 

25,000 

25,000 

25,000 

B. coli RB t . 

20,000 

0 

Actlvel 

Pn. aeruginosa . . .*.. 

2,500 

1,000 

1,000 

Pr, vulgaris ... 

25,000 

10,000 

12,500 

Bodenhelmer'B orgiuiiam .. 

15,000 

0 

Actlvel 

Serratia maroescens . 

20,000 

25,000 

1,200 

Mycobacterium 007 . 

80,000-250,000 

Active | 

Actlvel 

Mycobacterium 607RS . 

50,000-150,000 

Inactive 

Actlvel 

Trichophyton mentagrophytea . 

< 300 

< 300 

Actlvel 

Candida albicans . 

< 800 

< 300 

Actlvel 

* From Shatz, Bugle and Waksman (f>). 
t Bfl = streptomycin-sensitive. 


t RS = streptomycin-resistant. 

| Active ■ activity established In other reportB. 


elution which have been developed for the isolation 
of streptothricin and streptomycin from their respec¬ 
tive culture media. 

Neomycin is a basic compound, most active at an 
alkaline reaction. It is soluble in water and in¬ 
soluble in organic solvents. It is thermostable. It is 
active against numerous Gram-positive and Gram- 
negative bacteria, especially mycobacteria, but not 
against fungi. This is brought out in Tables 1 and 


against both streptomycin-sensitive and streptomycin- 
resistant bacteria; (2) considerable activity (in some 
eases greater activity than streptomycin) against va¬ 
rious forms of Af. tuberculosis and other mycobacteria 
(see Table 3); (3) limited toxicity to animals or 
none; (4) activity against various bacteria in vivo, 
including Gram-positive and Gram-negative organisms 
and against both streptomycin-sensitive and strepto¬ 
mycin-resistant organisms (see Table 4); (6) lack of 
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resistance against neomycin among the organisms 
sensitive to it, or only limited development of such 
resistance. 


TABLE i 

Comparative Activities or Neomycin and Streptomycin 
in Vivo upon Btkeptomycin-hhnbitivd and 
-RES ISTANT BaCTEHIA 


No. Of 
animals 
or 

embryos 


Treatment 


Dilution 

of 

bacterlHl 

culture 


Surviving 
mice or 

era 

embryos 
In days 


Percent 

survival 


2 G 10 


St aphplocoocu * aureus —streptomycln-sensltlve* 


:> 

Control 

ltH* 

0 

0 

0 

0 

5 

Control 

10-" 

1 

1 

1 

20 

5 

Streptomycin, 25 ug 

1CH> 

6 

5 

6 

100 

5 

Streptomycin, 1O0 HJf 

io-* 

6 

6 

6 

100 

3 

Neomycin, GO units 

10-" 

3 

3 

8 

100 

a 

Neomycin, 200 units 

10 - * 

a 

9 

8 

100 

Salmonella aohottmulleri —ntreptfi 

imycln-reslstant 1 2 * 

• 

0 

Control 

10 " 

0 

0 

0 

0 

5 

Control 

10" 4 

4 

2 

0 

0 

3 

Streptomycin, 100 |ig 

10^ 

2 

0 

0 

0 

5 

Streptomycin, 0000 4g 

10-" 

1 

1 

1 

20 

5 

Neomycin, 100 units 

10-* 

6 

G 

6 

100 

3 

Neomycin, 200 units 10-" 6 5 6 

Salmonella pullorum —-streptomycln-sensitive 

100 

10f 

Control 

10-s 

4 

0 

0 

0 

10 

Control 

10- 4 

e 

0 

0 

0 

10 

Neomycin, 100 units 

10-“ 

6 

6 

6 

DO 

10 

Neomycin, 100 units 

10- 4 

D 

0 

0 

00 


* Subcutaneous, single dose ; mice used, 
t Inoculation Into allantoic cavity, single dose. 


When a 20-hour-old agar culture of E. coli was 
suspended in water and plated out in nutrient agar 


containing 5 M- or 25 ti of neomycin per ml, no col¬ 
onies of E. coli developed out of 22 billion cella, 
after 9 days' incubation at 28° C. Similar concen¬ 
trations of streptomycin would usually allow the 
development of a do sen or more bacterial colonies per 
plate. When pieces of agar were removed from the 
plates containing neomycin and inoculated into sterile 
agar plates, only the 6 p/ml plate gave growth from 
some of the pieces, but the 10 |i/ml and the 25 ii/ml 
plates gave no growth at all, thus pointing to the high 
bactericidal properties of neomycin. When plates 
containing different concentrations of this antibiotic 
were streaked with streptomycin-sensitive, -resistant, 
and -dependent strains of E . coli (9), the first two 
were sensitive alike to neomycin, and the last did not 
moke any growth at all. This established further the 
difference in the biological and chemical nature of 
neomycin from streptomycin. 

Broth or agar cultures containing sufficient neo¬ 
mycin to inhibit the growth of various bacteria were 
incubated for considerable periods of time. No fur¬ 
ther bacterial development occurred beyond a certain 
initial inhibiting concentration, thus pointing on the 
one hand to the stability of neomycin, as contrasted 
to that of aureomyoin, and on the other hand to the 
lack of resistance developed among the sensitive bac¬ 
teria, as contrasted to streptomycin and especially to 
grisflin. 

Since neomycin has not yet been obtained in crystal¬ 
line form, very little can be said of its chemical nar~ 
tore. Preliminary results, however, point to its being 
distinctly different chemically from strep to thricin and 
from streptomycin. More detailed studies will be pub¬ 
lished later. 
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TECHNICAL PAPERS 


Electron Micrographic Observations of 
Tobacco Mosaic Virus in Crude, 

Undiluted Plant Juice 1 

Robley C. Williams and Rusiell L. Steere 
Univenity of Michigan, Ann Arbor 

Several reports have been published (£, 3, 4 , 6') of 

electron microscopic studios of the tobacco mosaic virus 
in various degrees of impurity. In no study, however, lias 
the infected juice been used in, its crude, undiluted form. 
There has always been some degree of treatment, if only 
with distilled water, prior to observation in the electron 
microscope. The published micrographs of the impure 
material are qualitatively similar to those obtained from 
freshly purified material. 

We have recently obtained eloctron micrographs of a 
wild strain of tobacco mosaic 1 grown in White Burley 



Fio. 1. Electron micrograph of expressed, crude 
juice of White Hurley tobacco leaf infected with a 
wild strain of tobacco mosaic virus. Note the bundle- 
like forms In which the virus Is seen. Magnification 
Is 30,000 x. 

tobacco plants. The specimens for the microscopic ex¬ 
amination were prepared in this way: A small portion of 
the tobacco leaf was crushed by a round-end glass rod in 
a small glass tube. A drop of expressed juice was picked 

1 These results have been ornlly reported at the recent 
meeting In Toronto of the Electron Microscope Society of 
America and at the Antnmn Conference on Electron Micros¬ 
copy In Cambridge, England. The work Is part of a pro¬ 
gram supported by a grant-ln-ald from the American Cancer 
Society, on recommendation of the Committee on Growth of 
the National Research Connell. 

■The Initial virus used for propagation Jn oar laboratory 
was kindly furnished by Gerald Oster. 


up in a micropipette, nml a bubble was blown over the 
surface of the specimen screen. The bubble was quickly 
wiped across the screen, and a very thin Aim of material 
was left behind. This Alin dried almost instantly, and 
the dried specimen was then shadowed with uranium. 
The total elapsed time between expressing the juice and 
drying the film was about 15 sec. 

A typical micrograph from a 14-day-old infection is 
shown in Fig. 1. As can be readily seen, the virus parti¬ 
cles appear in the form of large bundles, or sheaves, 
whose length is roughly 1 to 3 p,, and whose diameter, or 
width, varies greatly but might average 150 The 

background appears quite coarse, since it consists of nil 
of the nonvolatile plant material. Uninfected plants are 
found to oxhihit none of these bundle-like forms. The 
size and frequency of the typical forms shown in Fig. 1 
increase with the age of the infection, being barely visi¬ 
ble at 36 hrs after inoculation. 

Fig. 2 illustrates the probable reason why previous 
work with 1 ‘crude 1 ' juice has not exhibited the sheaves 



Fig. 2. Electron micrograph of the same Infected 
material as 1 b shown In Fig. 1, except that the dried 
preparation was washed briefly with distilled water. 
Note that the virus particles are now partially dis¬ 
persed In Individual rods. Magnification Is 30,000 x. 

of virus particles. The specimen shown in this micro¬ 
graph was prepared like that In Fig. 2, up to the shadow- 
casting, but was then washed with two drops of distilled 
water and allowed to dry. It was then shadowed with 
uranium. Even such a light and brief treatment with 
distilled water is evidently sufficient to bring about ex¬ 
tensive disintegration of the bundles and to cause many 
typical, Bingle particles to l>ecome visibly detached from 
the larger groups. 

It is well known from observations with the optical 
microscope (I) that needle-like forms are found to exist 
in vivo in the hair-eells of an infected plant, particularly 
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when the coll has been slightly injured or treated with 
mild acid. It is entirely possible that what is seen in 
detail In the electron micrographs is identical with the 
needle-forms recognized in the optical microscope. 

The interesting question in connection with these pre¬ 
liminary results is whether the groups of virus particles 
exist as such in the intact plant cells, or whether they 
form subsequent to the crushing of the ccIIb. If the 
latter is true, they can be considered aggregates of the 
individual virus particles. But if furthor work should 
show that they exist in the intact cells, then the interest¬ 
ing question will arise as to whether or not the virus 
bundles represent the geometrical growth pattern of the 
virus. 
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Infrared Spectra and the Amide Linkage 
in a Native Globular Protein 

I. M. Rlotz end Patricia Griiwo!d 

Department of Chemistry, Northwestern University, 
Evanston, Illinois 

The presence of absorption characteristic of amides in 
the 0-p region of the spectrum has been observed in pro¬ 
teins by several investigators (7, 6\ £) and has frequently 
been cited hb evidence against the “cvclol 0” structure 
postulated by Wrinch (5) for native protein molecules. 
The results reported, however, have been for insoluble, 
fibrous proteins ar for samples in the form of a dried 
film. In view of the pronounced sensitivity of proteins to 
drying, as well as to deposition in a film, it has always 
been possible to cast doubt on this evidence fof the amide 
linkage, at least insofar as native globular proteins are 
concerned, on the ground that the molecule had been de¬ 
natured during the experiment. 

A protein which is relatively stable to the drying process 
is serum albumin. It has also been observed recently 
that native serum albumin produces a modification in the 
visible spectra of many compounds (5) and that this 
ability is lost on denaturntion (5). It lias seemed ap¬ 
propriate, therefore, to examine the infrared absorption of 
a dried film of crystallised bovine serum albumin and 
then to test the sample for possible denaturation by seeing 
whether it is still capable of causing characteristic spec* 
trophotometrio shifts. 

The infrared absorption spectrum of bovine serum 
albumin in the 0-y region if illustrated in Fig. 1, together 
with the synthetic, water-soluble, polypeptide, polylysine 



It 

Fio, 1. Infrared absorption spectra of films of 
bovine serum albumin (top) and polylysine (bottom). 

(£) 1 for comparison. The 0=0 peaks at 6.05 and 6,10 p 
are essentially identical in position and characteristic of 
the simple ftmldes in the solid state (4, 7). Thus there 
can be no doubt that amide carbonyl groups are present 

1 We are very much Indebted to E. Katchalskl for his gener¬ 
ous gift of a substantial sample of polylysine hydrotodlde. 
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in the film of bovine albumin used to obtain the spectrum 
illustrated. 

That this same sample of bovine serum albumin was 
■till in the native form is demonstrated by the data in 
Table 1. The protein film, dissolved in phosphate buffer 


TABLE 1 

Teht or Native Character of Dried T>botbin Film by 
Examination of Its Effect on Spectrum 
of Methtl Orange 


Wave length 

(A) 


Depression of optical density by protein 


From dried 
film" 


Untreated! 


4,600 

0.003 

0.000 

4,700 

0.007 

0.138 

4,800 

0.117 

0.105 

4,000 

0.134 

0.175 

0,000 

0.123 

0.107 


* Contained 8 mg of protein, 
t Contained 12 mg of protein. 


every second day, showed normal uterine activity. A 
yellow, oily condition of the hair on the rats receiving 
the choline supplements was also noted. 

The work reported here was undertaken on a larger 
group of animals to confirm these observations if pos¬ 
sible. 

Nine Carworth Farms adult virgin female rats of the 
Wistar strain were used unmated and nine similar rats 
were mated. Two of the mated rats died during preg¬ 
nancy and seven delivered litterB, six of these nursing 
from 7 to 10 young apiece. All virgin rats were placed 
on the experimental diets at the same time, and each 
mother was given the experimental diet following de¬ 
livery of her litter. The diets were distributed among 
the animals as follows: 3 virgin femaleB on Purina Dog 
Chow; 3 virgin females, 3 nursing females, and 1 post- , 
partum noirfodtating female on the choline-deficient diet; 
and 3 virgin females and 3 nursing females on the chol¬ 
ine- deficient diet plus a choline supplement, 

TABLE 1 


at pH 7.6, depressed the optical absorption of methyl 
orange, as is characteristic of native albumin. Further¬ 
more, the degree o£ depression, in comparison with that 
obtained with the control, untreated sample, was roughly 
in proportion to the quantity of protein. Clearly then, no 
significant ■ fraction of the albumin was denatured by 
deposition as a film, drying, or infrared radiation. 

In view of these experiments, there would seem to be 
little room left for doubt that native, globular proteins 
contain an amide-type carbonyl group. 
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The Effect of Choline-Deficiency on 
Uterine Activity of Rats 

Charles P. Kraatz and Charles M. Gruber 

D^srfnflif of Pharmacology, Jefferton Medical College, 
Philadelphia 

Peet and Sampson (7) reported recently that two 
post-part urn albino rats, one nursing young and one non- 
lac tating, maintained for 39 days on a choline-deficient 
diet, were found at autopsy to lack completely contrac¬ 
tility of the uterus and to have partial atrophy of the^ 
uterus and ovaries. Two controls, both nursing young, 
which received respectively 80 mg and 800 mg of choline 


Effects of Choline-deficiency and Lactation on Body 
Weight and on Ovarian and Uterine Weights 


bats & diet 

No. 

In 

group 

Average 

body 

weight 

chauge 

Average 
ovarian 
weigh t 

Average 

uterine 

weight 

Nonlactating 
virgin rate 

Chow controls ., .. 

8 

+ 38 gm 

08 mg 

476 mg 

Diet controls 

3 

+ 87 gm 

00 mg 

445 mg 

Choline-deficient 

a 

+ 80 gm 

50 mg 

421 mg 

Nonlaotating 
poetpartum rot 
Choline-deficient 

. i* 

+ 50 gm 

04 mg 

488 mg 

Nursing rate 

Diet controls . 

a* 

- 20 gm 

74 mg 

244 mg 

Choline-deficient 

8* 

- 40 gm 

00 mg 

291 mg 

* One animal from 

each 

group was 

removed 

from the 


yeast-casein supplement during the last 14 days of the 
experiment. 

The choline-deficient diet developed by Hegsted and as¬ 
sociates (6) was used in this work as it was in the work 
by Peet and Sampson. 

The 30 mg choline supplement given every second day 
wwu chosen for all control animals in preference to the 
260 mg since that amount more nearly approximates 
physiological levels of the substance (1, f, 4, 8 ), The 
additional supplement (7) of 1 gm dried breWftr'■ yeast 
and 5 gm extracted ease in was provided every second 
day to all rats on the basal diet exoept 3, which were 
deprived of it completely for the last 14 days of the ex¬ 
perimental period in an effort to intensify the choline- 
deficiency. 

Vaginal smears were taken daily and rats were 
weighed at weekly intervals. All rats were killed by 
cerebral concussion on the 39th day with the exception 
of the animals on the Dog Chow diet, which were killed 
at later intervals when control uteri were desired. At 
the time of experimentation the ovaries and uteri were 
rapidly excised, cleaned of excess fat, and weighed. 
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Fiu. 1. Top curve shows the spontaneous contraction* of the uterus tnkm from a rat on a choline-deflelent 
diet (animal was deprived of yeast supplement during the lust 14 days) and the bottom curve, the activity of a similar 
eegnient of uterus taken from a normal rat. Middle record Is the time In Intervals of 20 seconds. At the interval 
marked 2, acetylcholine chloride was added to the bath, making a 1 : 25,000,000 solution. At W, the acetylchollne- 
Locke’s solution was replaced by fresh Locke's solution. At 8, posterior pituitary solution (1/250 TI.R.P. unit) was 
added to the 100-cc bath. At A. epinephrine was added to make a 1 : 2,000,000 dilution. 


Segments of one horn of the uterus taken from each of 
two animals were placed in aerated Locke’s solution at 
3fl w C±0.2° for recording the contractions on a smoked 
drum surface. The method used was the same as that 
previously described by one of us (5), Generally, seg¬ 
ments of one horn from an experimental animal and of 
one horn from a control animal were studied simultane¬ 
ously. All preparations were tested for their response 
to posterior pituitary solution (l/5th to l/l,000fch unit 
in 100 cc bath), epinephrine solution (1:2,000,000) and 
acetylcholine (1: 23,000,000 to 1: 200,000,000). 

During the course of the experiment, the fur of all 
nursing mothers and their litters became oily, apparently 
about the time the young started to get into the food 
containers in the cages, while at no time did tiillnbss of 
the fur appear In at^ nonlwtabing rat. 

Table 1 reveals n*f 'essential differences in either the 
nursing or the nonlactating groups between the oholtne- 
defleient animats and their controls. There arc, how¬ 
ever, differences between the nursing animals considered 
as a group and the nonlactating rats as a group, indic¬ 
ative of an inadequacy of the diet for lactation, despite 
the addition of choline. Every nursing rat lost weight 
during the 89-day experimental period while every non- 
Instating rat gained weight. The uteri of the 0 nursing 
mothers varied in weight from 109 to 427 gm with an 
average of 268 gm, while the uteri of 10 nonlactating 
rats ranged from 818 to 500 gm with an average of 


44t> gm. The two nursing rats, one choline-deficient and 
one control, deprived of the yeast and casein supplement 
for the last 14 dayB of the experiment showed a marked 
loss in body and uterine weight, while the non-nursing 
postpartum choline-deficient rat on a similar regimen ap¬ 
peared entirely normal. 

The vaginal smears showed regular four-day estrous 
cycles in both experimental and control nonlactating fe¬ 
males, and continuous diestrous smears in all nursing 
rats, broken by one or two estrous periods near the end 
of the experiment. 

All uteri, on being excised and placed in Locke's so¬ 
lution at room temperature, contracted spontaneously and 
remained contracted until placed In warm (38° G) 
aerated Locke’s solution. Immediate spontaneous con¬ 
tractions were recorded from every Uterus, with no sig¬ 
nificant differences in Thythmictty or foTCe of the con¬ 
tractions (Fig. 1). 

The rate of contraction and general tonus were in¬ 
creased by both acetylcholine and posterior pituitary so¬ 
lution, while epinephrine caused a decrease in the general 
tonus and usually cessation of the spontaneous activity 
in all uteri (Fig. 1). These effects were readily re¬ 
versed by replacing the drug-Locke’s solution by a fresh 
Locke’s solution. 

The animals in these experiments represent a rather 
wide range of choline ingestion from adequacy down¬ 
ward. Although the nine controls received 80 mg of 
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choline every second day in their diet, the nursing 
mothers were deprived of a considerable and variable 
portion of this supplement during the last three weeks of 
the diet on account of the inroads of their young at the 
food containers. The experimental animals were obtain¬ 
ing small amounts of choline from the yeast supplement 
(J). The particular product used here provided 3.0 mg 
of choline every second. The two experimental animals, 
one nursing and one nonlactating, which were deprived of 
the yeast and casein supplement for the last two weeks 
of the diet, probably achieved a true choline-deficiency, 
but achieved us well a deficiency in protein, biotin, para- 
aminobenzoic acid, inositol and perhaps other B-complex 
factors. However, in this widely varied series of 16 
rats, spontaneous contractility and normal reactivity to 
hormonal and humoral agents wore observed in all uteri, 
irrespective of their source. 
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A New Mechod of Inoculating the 
Maydeae with Smut Fungi 

Jack R. Wallin' 

Iowa State College—Guatemala Tropical Retearcb Center , 
Antigua , Guatemala 

Corn seeds soaked in sporidial suspensions of three 
smuts of the Maydeae showed smut galls soon after 
germination. This proved to be a new method of infect¬ 
ing corn seedlings with the corn smut organism. The 
infestation technique employed was the same as that 
described earlier by the author (1) in obtaining seed and 
seedling infection of the grasses and cereals with Xantho- 
monas translucens. This discovery added another method 
of inoculating com with species of Ustilago. The well 
known method of promoting infection with Ustilago seas 
is to bring the sporidia or chlsmydospores in contact with 
the growing point down in the spiral whorl or to inject 
the spores hypodermically into the tissues of the host. 
Seed infestation with sporidial suspensions in water 
merely constituted a surface contamination of the seed 
under favorable conditions for the growth and develop¬ 
ment of the parasite and the host. Apparently the 
fungus gained entrance into the host through the ger¬ 
minating seed and eventually reached the crown of the 

1 Present address: Division of Mycology and Disease Sur¬ 
vey, U. 8. Department of Agriculture, Ames, Iowa. 


young developing seedling. Infection ocourred only 
when the seeds were infested with sporidia and not with 

TABLE) 1 


The Response or Sweet and Dent Cobn Invested in 
S pomoiAL Suspensions or Three 
Species of Smut Fungi 


Smut species 

No. 

Beads 

infested 

No. 

plants 

emerged 

No. 

plants 

Infected 

Ustilago sroef . 

100 

Sweet com* 

82 

32 

Ustilago dictelianat 

on Trlpaacum . 

260 

210 

61 

Sphacelotheca rciliana 

from teoslnte . 

300 

B22 

0 

Ustilago eeael . 

100 

Dent cornl 

07 

2 

Ustilago dictelianat 

on Trlpsaenm . 

420 

400 

20 

Sphacelotheca reiliana 

from teoslnte . 

360 

346 

0 

Ustilago eeae f . 

40 

Tcosinte\\ 

25 

0 

Ustilago dleteUanat 

on Trlpaacum . 

20 

13 

2 

Sphacelotheca reiliana 

from teoslnte . 

40 

10 

0 


• Sweet rorn variety Golden Bantam. 

■f Ustilago zca was collected near Amen, Iowa, and grown 
in Blngle and mined sporidial cultures for the Infection trials. 

t Ustilago dieteliana was collected t>y I. B. Melhus In 1045 
near Mexico City, Mexico, on Tripsooutn lalifoUum. Mixed 
sporidial cultures were used In the Infection trials. 

4 Dent corn commercial hybrid U. S. 13. 

|| Teoslnte obtained from field near Chaleo, Mexico. 

chlamydospores. Some seedlings were killed immediately 
after emergence. Others developed large swellings or 
gallB, and still others were not attacked. This method of 
infection was not limited to Ustilago yens. Infection was 



Fla. 1. heft : healthy seedling ; middle: seedling galled 
by Trlpsaenm Isolate; right : seedling galled by com isolate. 
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obtained with the sporidia of other smuts on corn and 
teosinte as indicated in Table 1. 

The results of the Beed infestation trials indicated that 
sweet corn was more easily infected when soaked in 
sporidial suspension than either dent corn or teoBinte. 
Also, the response of the Tripsacum smut was like the 
corn smut organism in that Ustilago dieteliaiia occurring 
on Tripsacum latifolium was pathogenic on corn (Fig. 1). 

Upon finding that galled seedlings developed from 
seeds infested in sporidial suspension, before planting a 
search was made for infected seedlings in field plots on 
land that had formerly grown corn. In the spring of 
1040 infected seedlings from 4" to 0" tall were found. 
Subsequently a similar search was made in adjoining 
fields. Again infected seedlings were found. Most of 
these seedlings wore killed before they wore 0" tall. 

Reference 

1, Wallin, J. It Phytopathology, 1040, 36, 440 407. 


The Semiquinone Radical of Tocopherol 

L. Michaelia end S. H. Wollman 1 

Rockefeller Institute for Medical Research, New York City 

The structure of tocopherol (vitamin E) suggested the 
idea that its function both as a vitamin and as an anti’ 
oxidant might be correlated to some reversible oxidation- 
reduction mechanism. However, this idea is difficult to 
reconcile with our present knowledge of the oxidation 
products of tocopherol (I). The first oxidation product 



attainable has the structure of a quinone (II) which can 
be reduced, but the reduction product is not the original 
tocopherol. The oxidation of tocopherol appears to be 
irreversible. To quote from a review of this problem (6), 

CH a 

O I CH, 

YY \ H . 

yy \r 

° “ HO^ ' S C lt H ll 
(II) The quinone 

this fact "militates against the idea that the compound 
(via, the quinone) enters into Hie utilization of the vita¬ 
min in,the body through an oxidation-reduction process." 

The antioxidant property of tocopherol isshpred with 
hydroquinone (benso-fiydroquinone). The structure of 

1 Special research fellow of the National Cancer Institute. 



tocopherol differs from that of hydroquinone and that of 
duro-hydroquinone (= tetramethyl hydroquinone) essen¬ 
tially in that it contains only one unsubstituted phenolic 
hydroxy] group, instead of two. This is why a reversible 
oxidation to a quinone cannot take place. This fact sug¬ 
gests that the antioxidant effect of hydroquinone may 
not he due to its reversible oxidation to quinone. How¬ 
ever, the structure of tocopherol does not rule out the 
possibility of its reversible univalent oxidation to a 
semiquinone radical, which would arise from (I) by the 
removal of one electron only, in analogy to the semi- 
quinone of duroquinone as described previously from this 
laboratory ( 5 ) and to many other Bemiquinones (5, 4 ). 
This process would not involve opening the side-ring, as 
is necessary for the bivalent oxidation to the quinone and 
does not imply any irreversibility of the oxidation. 

Such a hypothesis 1 b difficult to prove for tocopherol 
because even if a radical is formed it may never accumu¬ 
late to any concentration directly observable. The hy¬ 
pothesis wonld be made more acceptable, however, if one 
would succeed in making the free radical under certain 
artificial conditions at such a high concentration that one 
could easily detect it directly. For this purpose an 
ingenious method devised by G. N. Lewis (f) is helpful: 

The substance in question is dissolved in an organic 
solvent which at the temperature of liquid air will form 
a homogeneous glass instead of crystallizing. It is ir¬ 
radiated, at the low temperature, in a Dcwnr flask 
through n quartz window, with ultrn violet light from a 
mercury lamp. Radiation inny huve two effects: It raises 
the energy level of BOme electron in tho molecule, and 
when the excited state spontaneously returns to the ground 
state, there may bo fluorescence, or phosphorescence, ac¬ 
cording to conditions; or irradiation may knock out an 
electron entirely and produce a free radical. Under 
ordinary conditions, the concentration of such a free 
radical would be restricted by the fact that thermody¬ 
namical equilibrium is established, for instance, due to 
dismutation of the radical. In most cases, the equilibrium 
is very much in disfavor of the free radical. At the low 
temperature in the rigid solvent, however, molecular col¬ 
lisions necessary to establish equilibrium are inhibited, 
and the free radical can accumulate to a concentration far 
above its thermodynamically permissible equilibrium con¬ 
centration. The radical can be recognized by its charac¬ 
teristic color. On warming the system to a temperature 
somewhat above that of liquid air, the radical gets into 
the equilibrium concentration, which is extremely small. 
The color of the radical fades out on raising the tem¬ 
perature but can be preserved almost indefinitely as long 
as the vessel is kept at the temperature of liquid air. 

With this method it has now been shown that toco¬ 
pherol, dissolved in a mixture of alcohol, ether, and pen¬ 
tane, frozen and irradiated, develops with great ease and 
rapidity an orange-red color, showing characteristic ab¬ 
sorption bands, which is stable at the temperature of 
liquid air even after stopping the radiation, but fades out 
on melting'the froaen solution. 

The color of the semiquinone of hydroquinone, pre¬ 
pared in the same way, is light yellow. This yellow sub¬ 
stance is not quinone since it fades out on wanning, but 
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ib the semiqulnono radical. ' The monomethyl-ether of 
hydroquinone behaves as bydroqulnone, which shows that 
one unsubstituted phenolic hydroxyl group is sufficient 
for the reaction and corroborates the assumption that the 
yellow color is not quinone. 

There can be no doubt that this colored substance is a 
free radical existing in a concentration far above the 
thermodynamically permissible concentration. This ex¬ 
periment shows at least that the free radical of tocopherol 
is not just a product of paper chemistry but does exist. 
At ordinary temperatures, it will never accumulate to a 
directly recognizable extent. On the other hand, ifcs very 
instability makes it a highly reactive substance. 

Although the univalent oxidation may involve a largo 
free energy, the process might be greatly facilitated if 
tocopherol were a prosthetic group of an enzyme and the 
process took place intramolecuiarly within the eazyme- 
iiubstrato complex. Such an assumption would also fit 
the fact that the biological activity is restricted to a 
molecule of specific structure and is not exhibited gen¬ 
erally by any mono-substituted hydroquinone. 

It is not claimed that the problem as to the mechanism 
of the action of tocopherol either as a vitamin or as an 
antioxidant is entirely solved herewith. But the fact 
that the finding of the semiquinone places tocopherol in 
the class of the reversible oxidation-reduction systems 
establishes the analogy to various other vitamins which 
act as coenzymes or prosthetic groups of enzymes con¬ 
cerned with specific dehydrogenations, namely, riboflavin, 
nicotinic acid, and thiamine. 
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Technique for Making Spreads of 
Omentum from Small Animals 1 

Joy Barnes Cross 

Department of Preventive Medicine and Public Health, 
Medical Branch, University of Texet, Galveston 

Possibly one outcome of the work of Knisely's group 
(JB) on sludged blood will be a re-awakened interest in 
the potential usefulness of the omentum in studies of the 
vascular system. Because the omentum is very thin, 
sectioning is unnecessary for microscopic studies, and 
so the observer can secure an unmutilated and complete 
survey of the vascular bed over a relatively wide field (1). 

Smooth and sizable spreads of this tissue, however, 
are not easily obtained because as soon as the anchorage 

1 Supported In part by grants from the IJ. 8, Public Health 
Service and the Office of Naval Research. 


of the omentum to the intestine is destroyed, the mesentery 
tends to contract and wrinkle badly. The following 
technique routinely produces smooth spreads of omentum 
from mice (half grown to adults in site). 

The tissue should be taken as soon after death as 
possible. The use of a duoloupe or dissecting microscope 
1 b advantageous. The intestine should be spread out 
so that a loop bounds a fan-shaped portion of the omen¬ 
tum, avoiding the region of the pancreas if very thin 
preparations are desired. A slip of cigarette paper (cut 
crosswise in about thirds) is placed on a gloved fingertip 
and inserted under the chosen portion of the omentum, 
retaining the fingertip beneath the omentum until the 
preparation is placed on a slide. The membrane is 
spread smoothly against the paper. Unless too much time 
has elapsed since the death of the animal, the albuminous 
substances in the tissue will affix it to the paper. The 
intestinal loop and enclosed "fan’ 1 are severed by fine 
scissors. The out loop is carefully trimmed away from 
the enclosed membranous "fan” by cutting through the 
membrane and the supporting paper. The chosen portion 
of the paper-supported omentum is left balanced on the 
fingertip and then gently but firmly pressed with the 
tissue side down against the slide. Using scissors ’ tips 
or needles the spread is smoothed before it iB covered 
with a few drops of fixing solution (we used Schau- 
dinn’s). After a delay of a second or so, the spread is 
blotted dry quickly by pressing with several layers of 
filter paper. 

The next step requires speed, care, and skill. With 
a fine pointed forceps for lifting the paper and a teasing 
needle or Bcissors 7 tip to hold the tissue against the slide, 
the cigarette paper is separated and peeled away. The 
slide with the affixed tissue should be placed in a jar of 
fixative immediately. Any of the usual techniques for 
fixing, dehydrating, and staining paraffin sections may* be 
used for completing the preparation. If, as rarely 
happens, a spread slips from a slide during these later 
manipulations, the tissue may be salvaged by handling In 
the customary manner for "loose” celloidin sections. 

References 

1. Cbosh, J. B., and Aniqstein, L. Amer. J. trap. Med., In 

press. 

2. Kniselt, M. H., Bloch, B. H., Eliot, T. S., Washer, L. 

Science, 1947, 100, 481-440. 

Scanning Instrument for Quantitative 
One-Dimensional Paper Partition 
Chromatography 

L S. Foadkk and R. Q. Block well 
Chemistry Deportment, 

Northwestern University Dental School 

The method of Consden, Gordon and Martin (5) for 
separation and identification of amino adds by paper 
partition chromatography has found wide application 
and has been extended to other classes of compounds. 
Various methods for rendering the method quantitative 
have been described ( 4 , 5, 8, 7, 8, 9,10,11). In this lab¬ 
oratory the method developed by Bull and coworkers (f) 
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on quantitative estimation of amino acids by one-dimen¬ 
sional paper partition chromatography is being used. 
This method, also developed by Block (J), depends upon 
the measurement of transmission of light through the 
filter paper strip containing purple spots developed by 
the reaction of ninhydrin on the individual amino acids 
on the strip. 

The scanning instrument used in this laboratory for 
measuring transmission through the paper strips is shown 
In Fig. 1. The photoelectric cell, C, is connected by lead 
A to a photometer (Photovolt Corp.)- The filter, D, is 
mounted in E, the cell window. The pholoelectrie cell 
fits snugly in the brass housing, B; the optimal distance 
between the paper strip and the cell can be adjusted by 
sliding the latter forward or backward in the housing. 
The housing, B, is held in place by four set screws (not 
shown) and is adjustable both horizon tally and vertically 
to facilitate positioning the cell window, E, exactly in 
line with the collimated light beam passing through the 
paper strip, F. The glass slide, H, mounted in metal 
strips, moves horizontally on a series of supporting roll¬ 
ers, I. Brass strips, p, mask the entire surface of the 
glass slide except a narrow portion along the middle of 
the face of the slide covered by the filter paper strip, F. 
The light source, P, mounted on the vertically adjustable 
support, 0, is connected by leads, N, to a HO x 0-v trans¬ 
former (not shown). The cylindrical housing, Q, encloses 
the light source. The cylindrical brass collimating tube, 
L, fits in the braes housing, J, and can be moved forward 
or backward for optimal adjustment. The three circular 
apertures, S, in the collimating tube consist of steel 
weaken fitted Into the tube. The inside of the colli¬ 
mating tube la lined with nonreflecting black felt, M. 
A scale, 70 cm in length, graduated from 0 to 100, la In¬ 


scribed on the instrument frame adjacent to the top of 
the slide, and an indicator line on the slide frame is used 
to road the scale. In practice all strips arc run in the 
vapor chamber to a total distance of 70 cm (i.c., a dis¬ 
tance equal to the length of the scale on the scanning in¬ 
strument). The color is developed on the strips {£) 
which are then fastened in the proper position on the glass 
slide between the brass masking Btrips. Transmission 
readings are taken at intervals of 4 scale units (1 scale 
unit =0.7 cm) by moving the slide. The transmission 
readings from the Photovolt meter are plotted directly 
upon semilog paper as a function of distance in scale 
units, and the curves treated as described by Bull (£). 
Using this method the R f value (5) can be read directly 
from the plot. 

Accuracy of determinations of amino acids using color 
development with ninhydrin by Bull's method {10) vary 
for us from 5 to 15% depending upon the amino acid. 
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The Use of Ion Exchange for the Deter¬ 
mination of Radioelements in Large 
Volumes of Urine 1 

Jack Schubert, Edwin R. Russell,- and 
Lawrence fi. Farsbee 1 

¥* 

Medical And Biology Diviiiona, 

Ar gonna National Laboratory , Chicago 

The efficacy of ion exchange an a means of extracting, 
concent rating, and purifying cations and on ions from 
large volumes of solutions is well known. Inasmuch as 
the determination of radio elements or trace elements in 
urine involves similar problems it was felt that analogous 
adsorption procedures could be applied. Numerous (studies 
had already demonstrated the ability of ion exchangers 
to extract ions, particularly calcium, from biological 
fluids (I). Our objective was to extract quantitatively a 
trace element from a liter or more of urine and con¬ 
centrate it in a few ml of a solution completely free from 
the large concentration of salts which usually interferes 
with spcctrographic and chemical methods of analysis. 

In connection with various metabolic studies it was 
desirable to determine quantitatively the concentrations 
of fission products in urine, especially with regard to 
relating the urinary levels of radioolements to body 
content. Since tho rare earths constitute an. important 
fraction of the fission products, the determination of these 
elements in urine by using a cation exchanger was 
attempted. Carrier free radioyttrium, Y»i, was chosen as 
a tracer element for these studies. An extensive in¬ 
vestigation of optimum conditions was made, but only the 
most recent workable flow sheet is presented. 

The principles involved in the adsorption and desorption 
of a cation from an organic cation exchanger are dis¬ 
cussed elsewhere (-, 'J). Essentially the cation exchange 
reactions follow the lnw of mass action. A given reac¬ 
tion, then, can be made to proceed in any direction by 
altering the relative conedhtrution of the reactants and 
products. In this adsorption process for extracting and 
subsequently eluting yttrium from urine, the principal 
reaction for both the adsorption and desorption steps is: 

Adsorption 

Y ++ * + 3IIR — ^ YRfl + 3H% 

Desorption 

in which the symbol R represents the nondiffusible 
anionic part of the cation exchanger. 

The adsorption of the yttrium is made from urine, 
0.1 M In HC1, while the desorption is carried out with 
7 M HCI. Briefly, the adsorption process consists of 
passing a liter of acidified urine containing tracer yttrium 
through an adsorption column of a cation exchange 
resin, removing the extraneous calcium and other cations 

1 The work reported here Is based on studies completed In 
the autumn of 1D4H and is scheduled for publication In Vol. 
10A of the Plutonium Project Record. 

a Present Address: Allen University, Colombia 13, South 
Carolina. 

8 Present Address: Oak Ridge National Laboratory, Onh 
Btdge, Tennessee. 


with 0.4 M HOI, and subsequently eluting the adsorbed 
Y*3 with a small volume of 7 M HCI. The 7 M HOI is 
evaporated to near dryness to remove the bulk of the 
acid, while remaining organic matter is destroyed by wet 
ashing with nitric acid. The residue is transferred 
quantitatively with distilled water to a 10-ml capacity 
porcelain capsule, evaporated to dryness under an infra- 
Ted bulb, and the radioactivity is measured directly with 
an end mica-window Geiger-Miiller counter. 

If the radiations from n particular radioelement are not 
very penetrating, it is necessary that the last traces of 
sultB be removed. With Y +a , for example, it is possible 
to dilute the aBhed residue with distilled water and pass 
it through a second column of adsorbent which conLnins 


only by weight as much resin as is present in the first 


column. Tho adsorbed Y + a is eluted with 00 ml of 7 M 
HCI. When evaporated to dryness, mounted on a fiat 
platinum plate, and flamed, this solution leaves, in most 
cases, no perceptible residue. 

The advantages claimed for the method are: (1) no 
preparation of the urine other than acidification is neces¬ 
sary; (2) no close control of pH is required; (3) the 
operation may be interrupted at any stage desired; (4) 
one technician can run several samples simultaneously ; 
and (15) the equipment and adsorbent, once set up, may 
be used repeatedly. 

Amberlite IR-1 resin 4 is employed in the first column 
adsorption step while n more insoluble resin, Amberlite 
I1M00H, is UBed in the second step because it helps 
to minimize the amount of solid matter associated with 
the yttrium. The weights of resin are expressed in terms 
of the air-dried hydrogen form. Now that more insoluble 
and higher capacity resins, such as Dowex 50* (2) and 
Amberlite IR-120, are available it would be definitely 
advantageous to substitute them for IR-1 and IR-100H 
after making allowances for the capacity and kinetic 
characteristics of these new resins ( B , 4). 

The glass columns are set up In the usual manner. 
Glass wool serves as a satisfactory support for the resin 
bed. A straight glass stopcock is used to regulate the 
flow rates. A 2-1 leveling bottle serves as a storage tank 
for liquids percolating through Column I while a 500-ml 
leveling bottle suffices for Column II. About 2' of head 
is found to provide satisfactory flow rates. The urine 
was ''spikedwith carrier-free Y** and then acidified 
as specified In the flow sheet. 

The accompanying flow sheet (Fig. 1) provides all the 
details of the operations necessary for the extraction and 
concentration of Y D1 from liter volumes of urine. Larger 
volumes of urine can be handled by a proportionate in¬ 
crease in the mass of resin employed. The resin is ready 
for a new run at the end of each cycle. 

The functions of the different solutions employed are 
as follows; 

(I) The acidification of the urine prevents the precipi¬ 
tation of calcium salts, keeps the yttrium in ionic* form, 


4 Manufactured by the Resinous Products Chemical Co,, 
Washington Square, Philadelphia, Pennsylvania, 

4 Manufactured by Dow Chemical Co., Midland, Michigan. 
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Fin. 1. Flow sheet for the determination of rndlo- 
yttrlum, Y w , In human urine by cation exchange. 


and breaks up any unadaorbnble complexes that yttrium 
may form with urinary constituents. 

(2) The 0.4 N HC1 removes some adsorbed organic 
matter as well as calcium and other monovalent and 
divalent cations. 

(3) The 7M HC1 serves to elute the yttrium quantita¬ 
tively in a small volume. 


(4) The 95% alcohol removes remaining organic mat¬ 
ter. This step was introduced when it wan found that 
the adsorption of yttrium from liter quantities of urine 
kept decreasing, i.e. r the break-through point was quite 
erratic and as much as 35% of the yttrium lost. It was 
presupposed that alcohol-soluble organic matter coated 
the resin particles so that the adsorption of yttrium was 
hindered. The alcohol wash was found to prevent the 
premature break-through of yttrium. 

The adsorption method as it now stands gives con¬ 
sistent recoveries of Y B * of 90 + 5% when only Column I 
is utilized, and an over-all recovery of 85 ± 5% if the 
process includes Column II. It is possible to improve this 
recovery by closer control of variables. The effect of 
yttrium concentration on its adsorption by the resin may 
be calculated (4). In the present process it appears that 
about 10-'* M of yttrium can be extracted with no loss 
in efficiency. 

Because the concentrations of substances such as al¬ 
bumin and urea which normally appear In urine are quite 
variable, it was desirable to ascertain their offects on 
yttrium adsorption. 

Jlbumin: The presence of albumin in urine as high 
as 2 gm/I had no observable effect. 

Urea : In the range of concentration studied, 0-4,0 gm 
of urea/100 ml of urine had no effect on yttrium adsorp¬ 
tion. 

Acids: The equilibrium adsorption of yttrium by IR-1 
from urine acidified with each of the following acids was 
studied: acetic, sulfuric, hydrochloric, and nitric in con¬ 
centrations ranging from 0.1 N to 1.0 N. The maximum 
adsorption (which was about the same for the various 
acids) was obtained when the solutions were 0.1-0.2 N. 
Higher concentrations of acids caused a marked decrease 
in yttrium adsorption. 

Sodium chloride : Concentrations of NaCl up to 1.2% 
did not reduce the adsorption of yttrium. 

In general, the scheme given here will bo found suitable 
for the extraction and concentration of other cations with 
a valence of +3 or greater. The processing of divalent 
cations such as Ba** and Ra ++ would involve a closer at¬ 
tention to the concentration and volume of the HCl-eluting 
solution in order to remove selectively urinary calcium. 
Chromatographic complex elution with citrate solutions 
can, of course, bo utilized for the separation of calcium 
from other divalent cations (4), For metals which easily 
form complex anions, such as chromium, gold, and 
molybdonum, for example, an anion exchange system (5) 
may be found useful. 
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Book Reviews 


Advances ha food research. (Vol. I.) E. M. Mrak and 

George F. Stewart. (Eds.) New York. Academic 

Press, 1948. Pp. xv + 450. (Illustrated.) $7.50. 

This book contains reviews on the following subjects: 
the physiology and chemistry of rigor mortis, with special 
reference to the aging of beef; factors influencing the 
vitamin content of canned foods; the physiological basis 
of voluntary food intake (appetite); biochemical factors 
influencing the shelf life of dried whole eggs and means 
for their control; factors affecting the palatability of 
poultry with emphasis on histological postmortem 
changes; deterioration of processed potatoes; the influ 
ence of climate and fertilizer practices upon the vitamin 
and mineral content of vegetables; non enzymatic brown¬ 
ing in fruit products; microbial inhibition by food pre¬ 
servatives; and high-polymer pectins and their deesteri¬ 
fication. 

Each of the reviews is accompanied by a suitable bib¬ 
liography to the sources of information on which it is 
based. Every contributor is an experienced investigator 
in his segment of food research. 

Researches on foods have been accelerated by the great 
advances in our knowledge of biochemistry and the bio¬ 
logical sciences. Original communications are scattered 
in journals devoted to biochemistry, bacteriology, my¬ 
cology, and nutrition. Technologists, researchers, and 
teachers find it almost impossible to examine the original 
literature which bears upon their interests. In various 
fields of knowledge the annual volume devoted to thor¬ 
ough reviews and criticism has done much to assist those 
Interested in keeping informed about research progress. 
The references help them to find readily what they most 
need to examine at first hand. The present volume is an 


excellent addition to the list of special volumes devoted 
to advances in special fields of knowledge. 

E. V. McCollum 

Johns Hopkins University 

A textbook of beat for upperclassmen. LeRoy D. Weld. 

New Yorlj.; Macmillan, 194B. Pp. x + 437, $5.00. 

As explained by the author in the preface, “The con¬ 
tent of this book is based upon material which the nuthor 
ha b been using, with frequent revisions, as lecture notes 
in u junior-senior course in heat for the past thirty-five 
years.' 1 A lot of ground is covered: calorimetry, dila- 
tometry, phase transitions, properties of gases, kinetic 
theory of gases, thermodynamics, properties of mixtures, 
heat transfer, and thermometry. In less than 400 pages 
of actual text, many of these topies could be given only 
brief mention. 

The author has an easy, fluent style. His explanations 
and examples arc lively and interesting. There are many 
well-drawn graphs, some of them to scale. The best 
material in this reviewer's judgment is thnt on kinetic 
theory—the poorest on the foundations of thermody¬ 
namics. It is to be regretted that the author has retained 
the old-fashioned point of view with regard to the use of 
the term “heat”—a point of view at variance with cur¬ 
rent usage by physicists, chemists, and engineers. One 
cannot help but complain also about the authoT'B sym¬ 
bolism which ignores almost completely the published 
lists printed in the American Journal of Physios and else¬ 
where. There is no excuse, in these times, for using com¬ 
plicated bold-face Gothic characters for thermal capacity, 
efficiency, resistance, etc. 

Mark W. Zemanhky 

City College of New York 
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NEWS 
and Notes 

National Science Foundation. On 

March 18, the Senate passed S. 247, 
the "National Science Foundation Act 
of 1940." On the same date, the Pub¬ 
lic Health, Science, and Commerce 
Subcommittee of the House Interstate 
and Foreign Commerce Committee an¬ 
nounced that hearings on the National 
Science Foundation bills will bo 
scheduled for March 31, April 1, and 
April 4 at 10;00 u.m. As noted in the 
March IS issue of Science, one of the 
chief purposes of the hearings is to 
familiarize new Subcommittee mem¬ 
bers with the legislation, but Congress¬ 
man J. Percy Priest has invited all 
interested organizations and indi¬ 
viduals to present their views. 

By invitation of Congressman 
Priest, the Inter-Society Committee 
for a National Science Foundation will 
be represented by Dnel Wollle, secre¬ 
tary-treasurer of the Committee; and 
the AAAS will have Howard A. Meyer- 
hoff, administrative secretary, and 
Raymond L. Taylor, assistant admin¬ 
istrative secretary, present to answer 
any questions the House Subcommittee 
may ask. Such support as these three 
rejirosentatives can give to a National 
Science Foundation Bill will be greatly 
strengthened by letters from scientists 
addressed to members of the House 
Subcommittee (see Science, March 18, 
p. 295). 

Members of the Subcommittee on 
Public Health, Science and Commerce 
have six bills before them for consider¬ 
ation. H. R. 12, 185, 311, 1845, and 
2308 differ only In minor details from 
H. R. 6007 of the 80th Congress and 
from the Senate bill S. 247. Sponsors 
of these bills are; F<h* H. 72. 18, J. 
Percy Priest (0th District, Tennes¬ 
see) ; for E . R. 186, Oren Harris (7th 
District, Arkansas); for H. R. 811, 
Charles A. Wolverton (1st District, 
New Jersey) ; for E. R. 1846, James 
E. Van Zandt (22nd District, Pennsyl¬ 
vania) ; for E. R. 8808, Wilbur D. 
Mills (2nd District, Arkansas). For 
all practical purposes these five bills 
may be considered as a single piece of 
legislation, which will receive the 
united support of their respective pro¬ 


ponents. The only rival bill is H. R. 
359, introduced by Emanuel Celler 
(15th District, New York). This bill 
closely follows the pattern set by B, 
1850 of the 79th Congress, which, 
though supported by many of the na¬ 
tion's scientists, was the subject of 
vigorous controversy, 

Only once (1947) has a National 
Science Foundation bill passed the 
House. If scientists wish to insure 
passage of a bill in 1949, it will help if 
they express themselves to their Con¬ 
gressmen, to the proponents of these 
six bills, and to the members of Mr. 
Priest’s Subcommittee, not only in 
support of the Foundation, but also 
in regard to the kind of Foundation 
they want. 

Howabd A. Mkterhojt 

About People 

Clark B. Millikan, professor of 
aeronautics, California Institute of 
Technology, has recently been named 
director of the Daniel Guggenheim 
Laboratory of Aeronautics and chair¬ 
man of the Jet Propulsion Laboratory 
Board at Caltech. 

Milan V. Novak has been appointed 
assistant dean of the Graduate College 
for the University of Illinois' Chi¬ 
cago Professional Colleges. I)r. Novak 
will continue to serve as professor of 
bacteriology and head of the Depart¬ 
ment. 

J. William Hinton, a professor of 
clinical surgery on the New York Uni¬ 
versity medical faculty since 1944, has 
been appointed professor of surgery at 
the Post Graduate Medical School, 
New York University-Bellevue Medi¬ 
cal Center. Dr. Hinton will be director 
of the fourth surgical division at Belle¬ 
vue and will continue ns director of 
surgery at University Hospital. 

Henry G. Booker, professor of 
electrical engineering at Cornell Uni¬ 
versity, has been elected Honorary Fel¬ 
low of the Geophysical Observatory, 
University of Alaska. This citation 
honors him for his work on microwave 
propagation and electromagnetic wave 
propagation in the upper atmosphere. 

The National Bureau of Standards 
announces two appointments to the 
staff: Charles A Mabey, former di¬ 
rector of research for the Bristol Com¬ 
pany, will supervise electronic minia¬ 
turization, circuits, and processes as 


assistant chief of the Engineering 
Electronics Laboratory; and Paul 
Wang, former dean of the Physics 
Department, Shantung University, 
China, will do research in X-rays and 
nuclear physics, specializing in beta¬ 
tron and high-voltage equipment. 

Douglaaa Potent, former executive 
vice president of the American Cancer 
Society, has recently been appointed 
executive vice president of Memorial 
Hospital Center for Cancer and Allied 
Diseases in New York City. 

Edward O. Hulburt, former super¬ 
intendent of the Optics Division, 
Naval Research Laboratory, Washing¬ 
ton, D. C., haa been made director of 
research of the Laboratory. 

Grants and Awards 

The Institute of Medicine of Chi¬ 
cago in offering the Joseph A. Capps 
prize of $400 for the best paper on a 
medical study or a problem closely 
related to medicine. The competition 
is open to graduates of Chicago medi¬ 
cal schools who completed their intern¬ 
ship or one year of laboratory work 
during 1947 or later. Manuscripts 
must be submitted to the Secretary of 
the Institute of Medicine of Chicago, 
80 East Randolph Street, Chicago 1, 
not later than December 81. 

The Commonwealth Fund has 

awarded an advanced medical fellow¬ 
ship to David Glick, associate professor 
of physiological chemistry, University 
of Minnesota Medical School, to study 
developments in hlsto- and cytochemis¬ 
try at the Carlsberg Laboratory in 
Copenhagen and the Kaolinska Insti¬ 
tute in Stockholm during the summer. 

Elwood C. Zimmerman, associate 
entomologist, Experiment Station, 
Hawaiian Sugar Planters' Association, 
and curator of entomology, Bishop Mu¬ 
seum, was awarded the 1948 literary 
prize of $250 by the Friends of the 
Library of Hawaii for his five-volume 
work "Insects of Hawaii." This is 
the first time a scientific treatise has 
been given the award. 

The Institute of Radio Engineers 
gave its Fellow Award this year to 
John N. Dyer, supervisor of radar and 
air navigation research and develop¬ 
ment for Airborne Instruments Lab¬ 
oratory, Mineola, Long Island, New 
York. Mr. Dyer was honored for his 
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contributions to radio, including polar 
expedition communications and war¬ 
time radio counter measures. 

Sigma Delta Epsilon, national 
women's scientific fraternity, has 
awarded its $1,200 predoctorul fellow¬ 
ship for 1949—1050 to Irene T. Kline, 
Western Reserve University, Cleveland, 
Ohio. Miss Kline in investigating pos¬ 
sible relations of known vitamins to 
the biochemical mechanism of steroid 
hormone action. 

The University of Pennsylvania 

has received $100,000 from Lit 
Brothers, Philadelphia department 
store. A major portion of the gift 
will be used for the development of 
the University’s new Medico! Center. 
This latest donation brought the total 
gifts and pledges to the University's 
development fund to more than $4,000,- 
000 . 

Fellowships 

The National Paraplegia Founda¬ 
tion is offering a limited number of 
fellowships for research in spinal cord 
disease and trauma and assiciated com¬ 
plications. These $3,000 fellowships 
are open for the academic year 1949- 
1050 to any candidate who has demon¬ 
strated a capacity for medical research 
and has outlined a meritorious pro¬ 
gram of study. Application forms 
may be obtained from L. W. Freeman, 
Chairman, Medical Advisory Commit¬ 
tee, National Paraplegia Foundation, 
Room 457, Hotel La Salle, Chicago 2, 
and must be submitted not later than 
June 

The Jessie Horton Koesslcr Fel¬ 
lowship of the Institute of Medicine 
of Chicago will be available Septem¬ 
ber 1. Established for the aid of re¬ 
search In biochemistry, physiology, 
bacteriology, or pathology, the fel¬ 
lowship carries a stipend of $500 a 
year, with the possibility of renewal 
for one or two years. Applications 
must be approved by the head of the 
department in the fields mentioned or 
by the director of a research institute 
or laboratory in Chicago, and must 
stipulate that the applicant will have 
adequate facilities for carrying out 
the proposed research. A letter pre¬ 
senting full information should be sent 
in quadruplicate to Paul R. Cannon, 
Committee Chairman, 950 East 59th 


Street, Chicago 37, not later than 
July l . 

Colleges and Universities 

Ohio State University College of 
Dentistry will hold a post-collegiate 
assembly April 27-2B. Dental progress 
since World War II will bo reviewed 
by members of the faculty, assisted by 
Charles Williams, University of To¬ 
ronto, and Robert Hardy of ^ufts 
Dental College. 

The Massachusetts Institute of 
Technology is offering a new gradu¬ 
ate program in analytical chemistry. 
Planned to meet new needs in industry 
and teaching, the course emphasizes 
instrumental methods, particularly 
radiochemical analysis. Assistantships 
and scholarshpis are available, and in¬ 
formation may he obtained from the 
Head of the Department of Chemistry, 
Massachusetts Institute of Technology, 
Cambridge 30. 

The University of Washington is 

conducting basic research toward de¬ 
veloping a simple method for locating 
warm levels in extreme low-tempera¬ 
ture areas. The investigation, carried 
on under a $0,000 grant from the U. 8. 
Army Quartermaster General’s Office, 
will be used in locating arctic cnmpB, 
supply dumps, and air fields, Phil E. 
Church, head of the department of 
meteorology and climatology is di¬ 
recting the study, and Robert G. Flea- 
gle, assistant professor, is in charge of 
the preliminary work. 

Vassar College has awarded full- 
year faculty fellowships to Edward 
R. Linnet, associate professor of 
chemistry, and Monica Healea, as¬ 
sociate professor of physicB. Profes¬ 
sor Linner will continue a study of 
absorption from solution, in England 
or Sweden, and Professor Healea will 
do research at Vassar in the field of 
secondary emission. 

Summer Programs 

Duka Univeraity Marine Labora¬ 
tory, Beaufort, North Carolina, will 
open its twelfth summer session on 
June 14. Courses in marine algae 
and marine ecology will be offered 
during the first six weeks and courses 
in plant ecology and marine inverte¬ 
brate zoology during the second six 


weeks. They are open to graduate 
students and seniors only. Further 
information may be obtained from 
the Director of the Laboratory, Box 
269, Beaufort, North Carolina. 

The Oak Ridge Institute of Nu¬ 
clear Studies’ Special Training Di¬ 
vision will conduct three basic courses 
in the techniques of using radioiso¬ 
topes aa tracers, June 0-July 1, July 
ll—August 5, and August 8-Septem- 
ber 2. Thirty-two participants will 
be accepted for each course, and tip 
plications should be mailed prior to 
June 1. Forms and additional in¬ 
formation may bo obtained from 
Ralph T, Overman, Chnirman, Spe 
cial Training Division, Oak Ridge In 
stitute of Nuclear Studies, P. O. Box 
117, Oak Ridge, Tennessee. 

The University of Michigan's Bum¬ 
mer symposium on contemporary 
physics will be held from June 27 to 
July 30. Guest lecturers will in¬ 
clude : Luis W. Alvarez, University 
of California— 1 * Recent Experiments 
in High Energy PhysicB," Juno 27- 
July 9; R. P. Feynman, Cornell Uni¬ 
versity— 11 Problems in Quantum Elec 
tro dynamics, 1 ’ Juiy 11-July 30; 
Frederick Seitz, Carnegie Institute of 
Technology— 11 Special Topics of the 
Theory of Solids,” June 27^July 23; 
and G. B. B. M. Sutherland, Cam 
bridge University — ta Current Devel¬ 
opments in the Infrared in the Phys¬ 
ical, Chemical, and Biological Fields, 1 ’ 
July 5-July SO, Further* informa¬ 
tion may be obtained from E. F. 
Barker, Chairman, Department of 
Physics, University of Michigan, Ann 
Arbor. 

The Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine, will 
hold its regular summer student train¬ 
ing program J une 22-August 30. 
Two concurrent 10-week courses in 
research problems, techniques, and 
progrees in the field of growth or of 
behavior will be offered. Enrollment 
is limited to 22 students to be se¬ 
lected on the basis of scholarship and 
interest in particular fields. Further 
information may be had by writing 
to the Chairman, Summer Student 
Program, Jackson Laboratory, Bar 
Harbor, Maine. Applications must 
be in by April 1 . 
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Meetings and Elections 

Wilder Graves Penfleld, professor 
of neurology and neurosurgery, Mc¬ 
Gill University, Montreal, will present 
the Edward K. Dunham lectures for 
the promotion of medical sciences, at 
Harvard Medical School, March 28 
and 30, and April 1. His subject 
will be 11 The Cerebral Cortex of 
Man . } 1 The lectures, to which all in¬ 
terested professional persons arc in¬ 
vited, will be held at 5:00 p.m. at 
the Harvard Medical School Amphl 
theater, Building D. 

A conference on Mathematical 
Modela in the Social Science!, under 
the joint sponsorship of the Depart 
ment of Mathematics and the Labo¬ 
ratory of Social Relations of Harvard 
University, will be held March 28 
and 29, at. 4 p.m. and 8 p.m., in Em¬ 
erson Hall, Room I), Harvard Uni¬ 
versity. Speakers will be N. Hash- 
evsky, University of Chicago; John 
Von Neumann, Institute for Ad¬ 
vanced Study; and Norbcrt Wiener, 
Massachusetts Institute of Technol¬ 
ogy. 

The American Mathematical So¬ 
ciety will hold its 445th meeting April 
1-2, at Duke University, Durham, 
North Carolina. Sessions will be held 
In Rooms 114 and 117, Physics Build¬ 
ing. Registration headquarters will 
be in the lobby of the Men’s Union, 
West Campus. Hotel reservations 
should be made directly with the 
hotels. 

The Aasociation of Geology 
Teachers will hold its ninth annual 
meeting April £2-23 at Rosenwald 
Hall, University of Chicago. The 
program includes the presentation of 
papers on geological education and 
field excursions, Nonmembers wish¬ 
ing to attend shou^l communicate 
with Katherine F. Greacen, Secre¬ 
tary, Department of Geology, Mil- 
waukee-Downer College, Milwaukee. 

Yale University's SllUman Me¬ 
morial Lectures are being delivered 
this year by Ross G, Harrison, direc¬ 
tor emeritus of the University’s Os¬ 
born Zoological Laboratory. The 
subject of the six lectures is ‘'Or¬ 
ganization and Development of the 
Ihnbryo," and the forthcoming four 


will be held at 4: 30 p.m., March 25, 
30, and 31, and April 1, in Strathcona 
Hall on the campus. 

The Cardiovascular Study Section of 
the National Institutes of Health, Pub¬ 
lic Health Service, will hold a Sym¬ 
posium on Water and Electrolyte 
Metabolism in Cardiac Edema at 
Hotel Haddon Hall, Atlantic City, on 
April 30. E. Cowles Andrus, of Bal¬ 
timore, is chairman of the section. 
Those who expect to attend should 
communicate with Eleanor M. K. 
Darby, Executive Secretary, National 
Institutes of Health, Bethe^da, Mary¬ 
land. 

The American Institute of Chemi¬ 
cal Engineers will hold its regional 
meeting May 0-11 at the Mayo Hotel, 
Tulsa, Oklahoma. The program in 
eludes four symposia on primary en¬ 
ergy, chemicals from petroleum, oil 
and gas production, and chemical en¬ 
gineering economics. Additional in¬ 
formation may be obtained from 
Clifton Frye, Research Department, 
StanoLind Oil and Gas Company, 
Tulsa. 

David J. Finney, lecturer on the 
design and analysis of scientific ex¬ 
periment, University of Oxford, will 
give three lectures on * 1 Statistical 
Principles of Biological Assay” at 
the U. S. Department of Agriculture 
Graduate School. The lectures, spon¬ 
sored by the Department of Mnthe-' 
matics and Statistics, will be held 
June 3, 6, and 7 from 4: 00 to 5: 30 
p.m. in the Jefferson Memorial Audi¬ 
torium, South Agriculture Building, 
Washington, D. C. The public is in¬ 
vited. 

The Genetics] Society of Great 
Britain will hold its 100th meeting 
June 30-Juiy 1, in Cambridge. Guest 
speakers will review the early days of 
genetics and demonstrate genetical 
work now in progress in Great Brit¬ 
ain. All geneticists are cordially in¬ 
vited. Details may be obtained from 
the secretaries, G. Ponteeorvo, De¬ 
partment of Genetics, The University, 
Glasgow, W. 2., and H. G. Call an, 
Institute of Animal Genetics, The 
University, Edinburgh 9. 

Mining Engineers In San Fran- 
deco. In celebration of the centenary 


of the Gold Rush, mining engineers, 
economic geologists, and metallurgists 
assembled in San Francisco February 
13-17 for the 108th general meeting of 
the American Institute of Mining and 
Metallurgical Engineers. The Society 
of Economic Geologists met jointly 
with the Institute. Members of the 
U. S. Section of the Pan-American 
Institute of Mining Engineering and 
Geology gathered informally for lunch¬ 
eon, but arranged no special program. 

William E. Wrathcr, treasurer of the 
AAASj who has served the Institute as 
president during the past year and 
acted as presiding officer at general 
sessions nnd business and directors 1 
meetings, relinquished the post to L. 
E. Young, incoming president for 1D49. 
Howard A. Mcycrhoff, administrative 
secretary of the AAAS, took office as 
chairman of the Industrial Minerals 
Division for the year 1949. 

A record crowd divided its attention 
among 00 technical sessions, divisional 
luncheons, and social functions, and 
hoard speeches by Governor Earl War¬ 
ren at the All-Institute luncheon, and 
by Robert Gordon Bproul, president 
of the University of California, nt the 
annual banquet. Noteworthy among 
the sessions were symposia on national 
mineral policy and atomic mineral de¬ 
posit*. None of the technological de 
velopments which make the mining and 
metallurgical professions dj r namic was 
neglected, but programs and papers 
dealing with economics in the Indus¬ 
trial Minerals, Petroleum, and Coal 
Divisions gave clear indication that 
even the experts recognize that tech¬ 
nology is not enough, and that the 
engineer must broaden his horizon to 
embrace the remotest economic factors 
which affect his operations. 

The engineers honored distinguished 
colleagues, awarding medals to Harry 
Carothers Wiese (posthumously), 
Stanly A. Easton, William Wraith, 
and Eugene McAuliffe. Prizes and 
other awards for research went to M. 
Tenenbaum, E. A. Gulbranaen, and 
J. W. Hickmau (posthumously), John 
D. Sauasaman, and Robert L. Hose, 
Little time was allotted to field Activi¬ 
ties, but the visiting engineers were 
given a courtesy flight over the Ban 
Francisco Bay area by Pan American 
Airways. 

Plans for 1949 were laid in business 
sessions, and. a regional meeting yfu 
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announced for September in Colum¬ 
bus, Ohio. The next annual meeting 
will be held at New York, in February, 
1050. 

Howard A. Meyeshoff 

Deaths 

W. Reid Blair, 74, zoologist, died 
March 1 in New York City of a heart 
attack. Dr. Blair retired in 1940 as 
director of the New York Zoological 
Society's Bronx Zoo, where he had 
served for 92 years. 

Theodore M. Focke, 78, former 
dean of Case Institute of Technology, 
died March 2 in Cleveland, Ohio. A 
Case faculty member for nearly 52 
years, Dr. Focke was appointed pro¬ 
fessor of mathematics in 1908 and was 
dean of the Institute from 1918 until 
his retirement in 1944, 

Leon Hastings Cornwall, 62, neu¬ 
rologist and member of the faculty at 
the College of Physicians and Sur¬ 
geons, Columbia University, died at 
White Plains, New York on March 4. 

Franklin S. Newell, 77, gynecolo¬ 
gist and professor emeritus of clinical 
obstetrics at Harvard Medical School, 
died in Boston March 4, 

Edwin H. Colpitts, 77, electrical en¬ 
gineer, died March 6 in East Orange, 
New Jersey. Dr. Colpitts played a 
major part in the development of tele¬ 
phone and radio communication and 
in the establishment of trans-Atlantic 
telephone service. 

New Yorkers were flocking to the 
beach just about three uttmths early 
when the New York Botanical Gar¬ 
den's exhibit, "Plants Beside the 
Sea,” opened March 21, at the Inter¬ 
national Flower Show, Grand Central 
Palace. Showing the characteristic 
northeast coastal plants of North 
America, which have adapted them¬ 
selves to wind, salt, and sand, the 
Botanical Garden's presentation will 
include a miniature beach, replete 
with seaside cottage, cliffs, lapping 
waves, and sandy shoreline, as well 
as grass, heather, pines, and other 
plants found near the ocean. This 
month's issue of the Botanical Gar¬ 
den's Journal carries an article list¬ 
ing more than 100 seacoast flowers 
—"Wild Flowers of Our Coastal 
Lands," by E, J. Alexander, Single 
copies may be ordered for 15 cents 


from the Botanical Garden, Bronx 
Park, New York City 58. 

The American Museum of Atomic 
Energy was opened to the public on 
March 19, when the gates to the city 
of Oak Ridge were removed. The ex¬ 
hibit is the first step in a broad pro¬ 
gram of public education in the field 
of atomic energy taken by the Oak 
Ridge Institute of Nuclear Studies, 
which heretofore has confined tts ac¬ 
tivities to highly specialized research 
and training in the nuclear sciences. 
The "Man and the Atom" show, 
originally presented at the New York 
City Golden Jubilee last summer, forms 
the nucleus of the Museum. A staff 
is being assembled under the direction 
of David Lloyd DeJarnette, who has 
taken a year's leave of absence from 
his post as curator of the Alabama 
Museum of Natural History for the 
purpose. Admission fees will be used 
to expand and improve the exhibits, 

Scholars from overseas who visit 
Boston are invited to visit the Ameri¬ 
can Academy of Arte and Sciences, 
28 Newbury Street, Boston 16, Mas¬ 
sachusetts. The staff of the Acad¬ 
emy will be glad to arrange travel 
and hotel accommodations and intro¬ 
ductions to scholars and institutions 
in the Boston district. Mail and tele¬ 
phone calls may also be received at 
the Academy. 

Harvard University’s Peabody 
Museum has announced the discovery 
of an engraved pebble believed to be 
the finest example of Aurignacian en¬ 
graving thus far discovered by ar¬ 
chaeologists. The pebble was found 
last summer during excavations at 
La Colombiere rock-shelter, above the 
Ain River in eastern France, in an 
occupation layer immediately overly¬ 
ing the terrace that contained the 
relics of the Upper Aurignacian pe¬ 
riod, which places its age at 20,000 
to 25,000 years. It is limestone, 
about the size of a large potato, and 
covered on both upper and lower sur¬ 
faces with a number of engravings 
superimposed one over the other. Ar¬ 
chaeologists have outlined a rhinoc¬ 
eros, horse, ibex, bison, and deer, as 
well as other partially drawn ani¬ 
mals, They believe that the stone was 
used over and over again to insure 
good hunting. Excavations leading 


to the discovery were made by Hel¬ 
ium Movius, Jr., curator of paleo-, 
lithic archaeology, and Kirk Bryan, 
professor of physiography, of Har¬ 
vard University, with the assistance 
of Louis Dupree and Oarleton Pier- 
pont of Harvard, and B. Sheldon 
Judson, of the University of Wis¬ 
consin. 

Water-tight tile walls are possible 
through the use of a dense well- 
graded mortar applied In well-filled 
joints, the Office of Technical Serv¬ 
ices of the Department of Commerce 
reports. University of Minnesota re¬ 
searchers, who made the study under 
the OTS industrial program, exposed 
sample tile wall sections to simulated 
conditions of wind and rain to find 
the best ways to prevent wall leakage 
during prolonged exposure. They 
found that the bond between tile and 
mortar has key significance In the 
water-resistance of a wall, and is 
more important than the kind of tile 
used. A copy of the report, PB9438B, 
Water permeability of structural clay 
tile facing walls , may be ordered from 
the Office of Technical Services, De¬ 
partment of Commerce, Washington 
25, D. C. The price is $1.00 and checks 
or money orders should be payable to 
the Treasurer of the United States. 

Make Plans for— 

Michigan Academy of Science, 
Arte, and Letters, March 31-April 2, 
Wayne University, Detroit. 

2nd Symposium on Plasticity, 
sponsored by the Navy Department's 
Bureau of Ships and Office of Naval 
Research, April 4-6, Brown Univer¬ 
sity, Providence, Rhode Island. 

Meeting of the Animal Disease 
Research Workers in The Southern 
States, April 7-8, Alabama Polytech¬ 
nic Institute, Auburn. 

Cryitallographic Society of Amer¬ 
ica, fourth annual spring meeting, 
April 7-9, University of Michigan, 
Ann Arbor. 

Eastern Psychological Associa¬ 
tion, annual meeting, April 8-9, 
Springfield, Massachusetts. 

Medical Library Association, an¬ 
nual meeting, April 10-14, Galveston, 
Texas. 
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The Responsibility of the Anthropologist 

Harry L. Shapiro 

American Museum of Natural History, New York City 


T wenty-five years ago the number of 

professional anthropologists in this country 
was so small that the Anthropological Asso¬ 
ciation at its 1922 meeting at Cambridge was com¬ 
fortably seated in its entirety, along with guests and 
undergraduates, in one of the classrooms of the Pea¬ 
body Museum. 

In those antediluvian days, anthropology in the 
academic hierarchy was rated an exotic and marginal 
subject and at Harvard, at any rate, where I was 
doing my grndiinte work, it whs relegated with the 
Semitic Museum and the Divinity School to the 
fringes of the University. Lacrosse and fencing 
occupied somewhat the same place in athletics—that 
is, they were considered nice extras to attract the few 
nonconforming spirits that did not find the more im¬ 
portant football or track Lo their taste. Anthro¬ 
pology was not expected to pay its way, but also it 
was not permitted to place n noticeable strain on the 
university budget. 

The literate public was, of course, no better ac¬ 
quainted with the subject. All of us hud our hands 
full trying to explain to our friends and relatives just 
what anthropology meant. I remember my mother 
reporting with much amusement a conversation with 
a friend of hers who had politely inquired concern¬ 
ing my activities. My mother told her I was study¬ 
ing anthropology. “How nice/' the friend commented, 
and, after a pause, “Just what is anthropology?" 
Those were the days when an ethnologist studied 
primitive cultures and personality was something you 
wished you had. 

We were few and neglected, beggars for crumbs 
at the foundational banquets where the seated guests 
were physicists, chemists, biologists and economists 
and all the other anointed. . We pursued our tasks in 
obscurity and our lines were heard only by our fellow 
anthropologists. Under these circumstances the prob¬ 
lem Of social responsibility was not very pressing. 
We could manipulate our data, elaborate theories, and 
speculate to even fantastic limits, without, as we 
thought, serious consequences. Since the general pub¬ 
lic was hardly aware of us qacept as purveyors of 
bizarre and exotic items about remote peoples on the 
vupge of extinction, the accuracy of our reportage 
was never questioned. In those days we were not 


I rouble shooters for the government, so that our ideas 
survived unharmed by use. Nor were we then 
tempted, even bedeviled, with huge sums to test the 
power of our peculiar methods to unlock the secrets 
of why our allies and our enemies behave the way 
they do. This was, in Edith Wharton's phrase, an¬ 
thropology’s “Age of Innocence." We had, moreover, 
a curiously ambivalent attitude toward society. We 
felt emancipated from the forms and restrictions of 
our own culture, delighting in exposing their irration¬ 
ality. It did not, for example, seem inconsistent for 
us to reject the rites and ceremonies of the Christian 
churches and to have little or no understanding of 
those who remained faithful to their traditions, and 
at the same time be able to enter sympathetically into 
every minutia of a tribal ritual and theorize on its 
functional necessity in a social organization. I sus¬ 
pect that basically wo were playing intellectually with 
data and lacked any real appreciation that ideas as 
such can be powerful forces in the world, both for 
good and for evil. We had neither the responsibility 
that comes from dealing with ideas in action noT the 
caution engendered by experimental procedures. 

Although at the time we were scarcely conscious of 
it, we hud, nevertheless, been toying with dynamite. 
As I think back to bo me of the technical lectures and 
writings on race professional anthropologists made at 
that time, I am appalled. Most anthropologists who 
then and earlier busied themselves with racial prob¬ 
lems regarded their activities, I am sure, as interest¬ 
ing but of no major concern to the course of nations 
or the welfare of millions of people. I am not ac¬ 
cusing anthropologists of directly fathering Nazi doc¬ 
trine, but there can nevertheless be no doubt that an¬ 
thropological generalizations on race underlay the 
racist notions that mushroomed in the 1930's. An¬ 
thropologists had unwittingly prepared the way for 
fe)|e Huston Stewart Chamberlains, the H. F. E. Gun¬ 
thers, and the Madison Grants. If these writers were 
not entirely approved of, neither were their doctrines 
altogether discarded. After the damage was done 
and the. Frankenstein monster was abroad in the 
world, anthropologists did their small best to make 
amends—but it waB too late. Only Boas saw early 
and clearly the horrible consequences of the popular 
adoption of these racist speculations—innocuous in 
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the academic hall, but murderous in the market place. 
Before the evil became widely apparent, Boas' reac¬ 
tion was looked on as rather emotional and alarmist. 
Perhaps because of his European experience, he was 
extra sensitive to the stirring of a doctrine which 
meant little to most Americans. 1 cite this not to 
attach blame but to illustrate the state of mind that 
quite generally failed to grasp the possible conse¬ 
quences of current anthropological ideas in terma of 
social and political action. 

The picture I have drawn of anthropology a gen¬ 
eration ago has changed profoundly. Now, anthro¬ 
pology, if not at the head of the table, has at least 
a place not too far from the Balt. This enlarged 
academic prestige cun in part be measured both by 
the extraordinary growth of the older departments 
and the great increase in newer ones that are spring¬ 
ing up all over the land. Within the generation I 
am describing the membership of the American An¬ 
thropological Association has increased about sixfold 
and the number of professionals in it from about 
82 to nearly 500. If the professional standards were 
as liberal now as they were when I joined as a college 
senior our fellowship might well number a thousand. 

But more significant than numbers is the quality of 
interest that anthropology is now able to arouse both 
in the general public and among professional students 
in other disciplines. I think the anthropologist can 
be permitted a pardonable satisfaction in the change 
of status that has lifted him from a position uncom¬ 
fortably close to that of a poor relation to the more 
respectable place of someone with at least expecta¬ 
tions. His stock in trade has at last begun to have 
value for the sociologist, the psychologist, the psy¬ 
chiatrist, the philosopher^ and various other students 
of human activities. 

This recent growth is only partially the result of the 
efforts of the anthropologists themselves. The past 
generation has seen a phenomenal growth in graduate 
study throughout the United States, resulting from the 
steady elevation of the national average in attained 
schooling. Enrollments in colleges and universities 
have increased far beyond the normal expectation in 
an increasing population. Along with other sections 
of the educational system, the graduate school has sIbo 
flourished. And the voice of the Ph.D., like the tur¬ 
tle’s, is now heard in our land. 

Anthropology, it must be admitted, owes some of its 
growth to this general expansion of the graduate field, 
but not all of it by any means. As one of the social 
sciences, it is also enjoying a share of the attention 
that a troubled world is directing toward these sci¬ 
ences. Faced with catastrophic dangers, sharpened 
fay the technological advances of modem times, gov¬ 


ernment, institutions, foundations, and thoughtful in¬ 
dividuals are being forced to acknowledge that the 
role of the social sciences must be made a determina¬ 
tive one if our world is to survive. Unquestionably 
the pressure of events has thus created a more re¬ 
ceptive attitude toward these fields of study and has 
disposed those who dispense research money and aca¬ 
demic preferment to look more favorably on anthro¬ 
pological ventures than they did in the past. 

Anthropology, however, has not been supinely car¬ 
ried on the crest of a wave of expanding graduate 
study. Nor, to change the figure, has it effortlessly 
ridden the coattails of the social sciences. Some of 
the credit for the present position is due to its own 
accomplishments and to the promise it holds for still 
greater achievements. 

In retrospect, then, we see a combination of favor¬ 
able circumstances conspiring in the past generation 
to advance the intellectual prestige and the academic 
status of anthropology. These are: 

(1) The general demand for an increased standard 
of education, which has been a progressive one for 
a long time but which has recently taken on a marked 
acceleration and has carried unprecedented numbers 
to the graduate schools. 

(2) The widespread concern of people over the 
state of the world, and their growing conviction that 
social sciences inay solve the prob’ema created by tech¬ 
nological developments in physics and chemistry. One 
can, I think, also detect a rising segment of opinion 
that looks to a religious revival and a moral regenera¬ 
tion as the way to save mankind. Nevertheless, the 
characteristic faith of our age in science has sharp¬ 
ened interest in the social sciences and haB turned 
support to this relatively neglected field. .The last 
report of the Carnegie Foundation points out that 
currently 73% of the funds voted for this year went 
to the social sciences. It is also significant that these 
grants were overwhelmingly concerned with projects 
“designed to bridge the gap between the universities 
and the world of affairs.” In his report for 1947, 
Raymond Fosdick, president of the Rockefeller Foun¬ 
dation, lists a greater contribution to the social sci¬ 
ences than to any other of the fields in which the 
Rockefeller Foundation is interested. This is the 
culmination of a trend in that foundation's giving 
and reflects Mr. Fosdick'a repeatedly expressed con¬ 
cern for the necessary development of the social sci¬ 
ences in the world of today. The same conviction 
finds expression in Mr. Conant’s reports on Harvard 
developments. , 

(3) The success of anthropology in establishing the 
concept of culture and a methodology for dealing 
with it; but more particularly the timeliness of tills 
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concept and methodology in respect to developments 
in other social sciences. Establishment of the cultural 
concept has had important consequences. It has on 
the one hand furnished social scientists and philoso¬ 
phers with a corpus of knowledge of groat significance 
to them, thereby consolidating the value of anthro¬ 
pological investigation. And on the other hand an¬ 
thropology has been encouraged by the nature of its 
problems to assume both a synthesizing role, in which 
various other sciences are drawn upon for methods 
and insights, and a cross-disciplinary function, in ex¬ 
ploring the ramifications of the cultural concepts it 
elaborates. An example of its cross-disciplinary func¬ 
tion is the wide interest in personality and culture 
which has grown out of the more and more refined 
study of culturul dynamics and which requires for its 
pursuit the collaboration of the various psychological 
sciences. Such a collaboration would have been im¬ 
possible 30 years ugo. 

Armed with methods and insights derived from a 
century of investigation among primitive people, an¬ 
thropology has only in this generation acquired the 
confidence to project itself into the complexities of 
modern civilizations. How much of this development 
was the inevitable evolution of our science it is diffi¬ 
cult to say. There are some who still regret this trend 
and insist that classical ethnology should be confined 
to the study of primitive peoples and should remain 
our primary interest. I recall among my contempo¬ 
raries in my own student days, however, an impatience 
with the conventional problems that seemed remote 
from the realities of our world and an eagerness to 
try our anthropological teeth on the richer fare of 
our own society. Perhaps this was a reflection of a 
Zeitgeist , or the effect of inspired teaching or a re¬ 
sponse to the stimuli in the productions of cognate 
subjects. It would be interesting to know how far 
this eagerness was especially characteristic of Amer¬ 
ican anthropology. In any event, it has led anthro¬ 
pology in this country to the very centers of our 
social conflicts and to the sources of national as well 
as individual behavior. Since we have insisted on 
having our say in these matters and on offering sug¬ 
gestions toward the solution of social problems, we 
must inevitably expect to shoulder the open respon¬ 
sibility that goes with this office. For whether we 
like it or not, we cannot escape the consequences of 
the role we are adopting. As professors of a science 
outgrowing its short pants (perhaps prematurely, as 
is the present fashion for boys) we have* I believe, 
a duty to assume a maturity consistent with anthro¬ 
pology's development. The days when we might act 
as if our theories were of little consequence to others 
are gone. For even if we*retreat to the refuge of 


a pure science concerned only with abstractions and 
general principles, we should have learned from our 
recent past that some responsibility is inherent in our 
activities. I do not mean to imply that we either 
claim infallibility of that the public accords anthro¬ 
pological dicta an unprecedented prestige. We are 
still received with varying degrees of hospitality but 
more than ever we are listened to and what we enun¬ 
ciate as anthropological truth is carried far and wide. 

Those of us who have seen this change in the for¬ 
tunes of anthropology are also those whose recollec¬ 
tions go back to the Wall Street bubble and the 
Florida boom, and we might be pardoned in the light 
of that experience for being at least mildly troubled 
about anything that looks like a boom. In our lexicon 
bust follows boom, and burst comes after bubble. I 
do not, however, speak as a prophet of gloom, for I 
happen to think that anthropology's future is bright 
if—and that “if" is what concerns me now. 

As I have tried to point out, anthropology has at 
last arrived at a position where perhaps for the first 
time, at least in this country, its voice carries some 
weight both in academic circles and with the public 
at large. Its prestige within academic circles, of 
course, is of the utmost importance in providing 
careers, in the training ol’ personnel and in the in¬ 
stitutional sponsorship without which anthropological 
work might virtually cease. The concrete professional 
consequence may be seen in the rapidly growing num¬ 
ber of anthropological departments in American uni¬ 
versities—from a handful a generation ago to 90 
recognized departments, by Erminie Voegelin'a count, 
and to between 200 and 300 where anthropology is 
represented in curricular offerings. To maintain this 
development and to expand it further, anthropology 
must retain the confidence of its academic colleagues 
in the soundness of its research goals and methods. 

Its standing with the public at large is equally nec¬ 
essary in preserving its academic status and particu¬ 
larly in attracting the intellectual and financial sup¬ 
port that we require in our system. But more than 
this, our authority in the mind of the public carries 
with it a social responsibility. If what we give out as 
anthropological dogma is received as tested truth and 
eventually influences public attitudes, we cannot divest 
ourselves of the responsibility of our pronouncements. 
Caveat emptor is not a good rule in science. If by 
our disregard for this fundamental charge we encour¬ 
age the public to beware of our offerings, we shall 
soon lack both a public and a science. 

If I have overdrawn the picture, it is, nevertheless, 
valid. Far too often the anthropologist fails to make 
explicit to the people what may be sufficiently dear 
to the profession, namely that some of his generaLiza- 
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tions are far from being 1 the final blueprint they ap¬ 
pear to be. It may or may not make much differ¬ 
ence in dealing with fossil man, but there can be little 
doubt that it makes a vast difference when current 
social attitudes are involved. This, of course, is a 
problem in the public relations of all the social sci¬ 
ences and most, if not all of them have been guilty 
of this failure to distinguish the varying degrees of 
certainty or probability that characterize the theo¬ 
retical structures they release to the public. No doubt 
competitive struggle for attention for one's ideas may 
motivate the form in which they are presented, and 
unquestionably many of us in our zeal may speak with 
honest if unwarranted conviction; but this does not 
excuse anthropology or anthropologists from the con¬ 
sequences of what we permit to stand as anthropolog¬ 
ical gospel. 

I am not, by this statement of the position of the 
social sciences in general and of anthropology in par¬ 
ticular, implying that what is needed is a board of 
censorship to protect the fame of these sciences from 
their own protagonists. Nothing could be more dis¬ 
astrous. Fortunately there is a simpler and healthier 
mechanism for achieving the kind of clarification for 
which I am appealing. This is in the development 
of a rigorously critical attitude toward the specula¬ 
tions and developments embodied in anthropological 
writing. This is all the more essential since anthro¬ 
pology, as well as the other social sciences, lacks the 
experimental procedures that exert a profoundly salu¬ 
tary control on the growth of the experimental sci¬ 
ences. Among them, a claim can be immediately 
checked under similar controls in hundreds of labora¬ 
tories. And every serious claim is indeed subjected to 
the rigors of such justification before it becomes ac¬ 
ceptable as part of the tested corpus of the discipline. 


On the contrary, our investigations do not lend them¬ 
selves readily to this kind of testing. In fact even 
repeat studies in the anthropological literature are 
quite exceptional, It is for this reason that I regard 
it as essential for the continued health of anthro- 
pology that we be severely critical in appraising the 
theories and investigations that are issued as repre¬ 
sentative of anthropology and which come within our 
competence. There is, of course, no lack of critical 
rigor in assessing work that falls into conventional 
patterns, foT which standards and well-tried precedents 
of reliability are available. And certainly the older 
theories have with time been subjected eventually to 
a variety of critical appraisals. But one also notices 
an amazing failure to examine the fundamental as¬ 
sumptions and premises of new lines of investigation 
which, like a new fashion in women's wear, appear to 
exercise a kind of tyranny that no one dares question. 

I do suggest that such critiques are desirable and 
I do know that a number of anthropologists do riot 
hesitate privately or in their classrooms to offer crit¬ 
ical comments—yet they are strangely silent in print. 
If we maintain such r silence, others can only assume 
that theBe developments are without blemish and un¬ 
equivocally represent the best that we can produce. 
For a long time American anthropologists used to be 
accused of lacking a facility in theory and of being 
excessively conservative. I think that charge must 
certainly be withdrawn now. And I for one am glad 
to see the new interest in exploring possibilities of the 
anthropological approach. But anthropology can be¬ 
come healthy and remain so only in the presence of 
a strongly skeptical and critical spirit which, to be 
satisfied, requires the best. 

[Presidential Address, delivered at the th Annual Meet 
ing of The American Anthropological Association in Toronto. 
December, i»4s.] 
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The Use of Autoradiographs in the Quantitative 
Determination of Radiation Dosages 
from Ca 46 in Bone 1 

Robert A. Dudley and Brown M. Dobyns 2 

Laboratory for Nuclear Science and Engineering of the Massachusetts Institute 
of Technology and Surgical Research Laboratories of the 
Harvard Medical School at the Massachusetts General Hospital 


B EFORE IT IS SAFE to introduce radioactive 
tracers into the human body, it is essential to 
know that the concentration will at no point 
become great enough to be a health hazard. The 
present safe dosage rate limit accepted by the Atomic 
Energy Commission is 0.1 rcni (roentgen equivalent 
man) per day, or 0.1 rep (roentgen equivalent phys¬ 
ical) per day for p-rnys (quoted in Nucleonics, 1947, 
1, 4). The problem of determining local radiation 
dosages rates is therefore of vital importance in the 
use of many isotopes. Conventional counter measure¬ 
ments of activity are practically useless in this ap¬ 
plication, because they give information regarding 
average dosage rates over a large area, a value which 
can be several times smaller thnn the local dosage 
rates. Therefore, an autoradiographic technique capa¬ 
ble of quantitatively measuring local dosage rates in 
tissue hue been developed and is described below. It 
is currently being applied to the study of radioactive 
Ca 4B dosages in bone. 

The method consists of making an nutorudiograph 
of the tissue being studied, producing on the same film 
calibration exposures from radioactive sources of 
known activity, developing the tissue and calibration 
exposures simultaneously, and corapuring their black¬ 
ening microphotometrioally. 

The technique is similar to that described by Axel¬ 
rod and Hamilton (1) for the radioactive sulfur and 
arsenic studies of mustard gas and lewisite concentra¬ 
tion in the skin and eye tissues. However, local radi¬ 
ation dosage is capable of being measured more simply 
than local isotope concentration. 

Concentration deals with the distribution of the 
radioactive atoms; dosage deals with the distribution 

1 Assisted by the Joint program of the Office of Naval Re- 
eearch and the Atomic Energy Commission, by a grant-in-aid 
from the National Institutes of Health, and by a grant from 
Clba Pharmaceutical, Inc. One of the authors (R.A.D.) has 
carried on part of this Investigation under a National Cancer 
Institute Predoctorate Research Fellowship, 

■The authors wish to thank Dr. Robley D. Evans of the 
Masaachusetts Institute of Technology for hie suggestions 
guidance In this study. 


of the ionizing radiation from those atoms. Since in 
concentration studios the atoms arc detected by means 
of their radiations, precautions must be taken to detect 
each P-ray or photon near its origin; i.e., the tissue 
section must be thin (microtome-sliced) and the dis¬ 
tance hetween the hlrn and tissue must be minimal. 
Because of self-absorption and backscattering effects 
(5) it is difficult to compare in a quantitative manner 
the intensity of radiation from a thick source with 
that from a thin source. Therefore in concentration 
studies the calibration source should be of the same 
thickness ns the tissue section—a requirement not 
always easy to meet in the laboratory. 

Dosage mcasureoients, with which this paper is 
concerned, require tissue sections of dimensions 
greater than the maximum range of the radiation 
particles in order that all the radioactive atoms 
within the range contribute their share of dosage 
(and therefore film blackening) at the point in ques¬ 
tion. To be precisely correct, the tissue section 
should also be large as compared with the mean free 
path of any accompanying y-rnys, but for practical 
purposes this would generally be unnecessary. If the 
volumes of localization arc small, and if local con¬ 
centrations arc high (compared with average con¬ 
centration), the high specific ionization particles pro¬ 
duce almost all of the localized dosage, the low spe¬ 
cific ionization y-rays almost none. Since the dosage 
rate within an infinite, homogeneous source can be 
readily calculated by the formula given below, such 
a calibration source, easily prepared, is desirable in 
dosage studies, a The penetration of the radiation is 
partly dependent on the atomic number of the sur¬ 
rounding elements; therefore it is important that the 
calibration source be composed of material whose 
atomic number distribution is the same as that of the 
tissue. It is obvious that the isotope in the tissue 
and in the calibration source should be the same. 

The dosage within this infinitely thick source can be 
calculated by the formula (J): 

■Certain errors result from the fact that film blackening 
le not a function of rep* of Irradiation alone. 




328 


SCIENCE 


April 1, 1949, VoL 109 


R = 60 CE 
where R = rcps/day 

C = ixe/gin tissue 

E = average energy of particles (approximately 
one-third their maximum energy) in Mev. 

This dosage rate (R) within a think source is our pri¬ 
mary consideration. It iB approximately twice the 
doaage rate at the surface, for when a block of mate¬ 
rial containing a radioactive substance is cut in half, 
the intensity of the radiation at a point on the cut 
surface is only one-half the intensity of radiation at 
this same point before the cut was made. This prin¬ 
ciple applies to the interpretation of autoradiographs 
made from tissue as well as calibration sources. 





Fia 1. Autoradiograph of dog rib resected 21 (lays after 
oral administration of radioactive Ca“. The circles of 
graded blackening are calibration exposures Increasing In 
miTtfiilhlde by factors of 2, produced from plnster of Taris 
blocks containing known unmuntH of Ca 4 *. 

The film characteristic most essential for accuracy is 
the contrast. Resolution is not of prime importance, 
since the scattering of the radiation in the thick source 
affects the film over a diameter comparable with the 
maximum particle range. Eastman No-Screen X-Ray 
Film whs found to be a relatively good film to register 
the 0.26-Mev 0 rays of Cn 45 because of its high con¬ 
trast and sensitivity. However, its resolution is rather 
low for the purpose, even though high resolution is not 
essential. It is also desirable to choose a fllm on 
which a given number of reps produce the same de¬ 
gree of blackening, regardless of the energy of the 
0-rays concerned. For energies less than 40 to 60 kev 
this requirement is not satisfactorily met by films 
now obtainable (2). This consideration is now being 
further investigated. 

After the -preparation of the tissue and calibration 
source, the procedure has been to make the autoradi- 
ograph and a set of five calibration exposures (each 
greater than the preceding by a factor'of two) cover¬ 


ing the range of exposures in which the film contrast 
is highest. 4 The blackening of the tissue autoradio¬ 
graph is then microphotometrieally compared with the 
blackening of the calibration spots, and the local radi¬ 
ation dosage rates in the tissue are thereby deter¬ 
mined. 



Fig. 2. Mlcruphotompter record of calibration exposures 
and autoradiograph Hites shown In Fig. 1, The points tle- 
flnlng the curve are token from the calibration exponuren, 
nnd the dashed lines on the vertical scale indicate the black- 
piling - of the correspondingly numbered bone Bites In Fig. 1. 
The HCtlvlty of the calibration sources has been related to 
that of the dog'H blood in Huch a way that the abscissa, essen- 
tlally representing log (exposure), can be cxpreeeed In terms 
of loir (fractional dnsnw). 

An example of the work currently being done is 
nhown in Figs. 1 and 2.® The study was made to de¬ 
termine the amount of dilution of radioactive Ca 4B 
by normal calcium while passing from the blood to 
the bones of a growing dog. Fig. 1 shows the auto¬ 
radiograph 6f a rib resected 21 days after the oral 
administration of the radioactive calcium, and five 
calibration exposures from artificial sources contain¬ 
ing a known percentage of the peak blood activity, 
Fig. 2 shows the microphotometer record of the 

(Continued on page JIJS.) 

1 Contrast is defined as the elope of blackening (also called 
density) ts. the log of the exposure. Blackening la defined 

as log Li, where I 0 and I are the Intensity of the light trans¬ 
mitted through the clear fllm and the spot In queaHon, re¬ 
spect 1 rely. Since to a good approximation, the micro pho¬ 
to me ter deflection 11 a I, the contrast hi, Closely, the elope 

of log vi. log exposure. 

a Complete biological results will be published Is ter. 
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Absorption of Radioactive Calcium 
by the Peanut Fruit 1 

Roger W. Bledsoe, C. L. Comer, and H. C. Harris 
Florid* Agricultural Experiment Station, G*inetville 

Nutritional studies of the peanut plant, Arachifi 
hypogaea L., indicate the necessity of an external sup¬ 
ply of available calcium in the fruiting zone for normal 
fructification (£, 8, 6). The relation of the calcium 
supply to fruit development is the type of problem par¬ 
ticularly suited to radioactive tracer study. The avail 



Fla. 1. Diagrammatic view of the praauf plant showing; 
A, rooting medium; B, fruiting medium; nnrl C, wire mesh 
support to prevent branches mid foliage from touching sand 
of the fruiting medium. 

ability of calcium 45 facilitates the investigation of this 
fundamentally and economically important problem. 

The runner-type peanut has a prostrate growth habit 
and bears its fruit from nodes along the trailing 
branches. Thus it is possible to separate completely the 
rooting medium from the fruiting medium of the plant. 
Peanut plants of the Dixie Runner variety were grown 

1 Published with the permission of the director of the 
Florida Agricultural Experiment B tat ion. The Ca* was 
obtained from the Oak Ridge National Laboratory on alloca¬ 
tion from the O. S. Atomic Energy Commission. 


in sand culture with the root and fruit zones isolated 
from each other as shown in Fig, 1. The roots of 2 
plants were in 4-gal glazed crocks and the sand of the 



Tin, 2, Concentration of Cn 4 * in various portion* of pea¬ 
nut plants 9 days after It was administered to the rooting 
or fruiting medium. The asterisk indicates young pegs 
II" -1 Vi" long) which had not touched sand of fruiting 
medium. 

tion drainage from each zone of the plants was caught 
in 5-gal carboys. At 110 days plants were vegetatirely 
vigorous and all stages of immature fruit development 
were present. At that time a single application of 
labeled calcium, as a solution of the chloride containing 
approximately 1.36 mg of calcium with an activity of 
21 me, was added to 1 1 of nutrient solution and applied 
to the rooting or fruiting medium of each culture of 2 
plants. Thereafter, drainage of any solution was re¬ 
turned to the proper receptacle, The fruiting tone treat¬ 
ment was discontinued after 0 days but the treatment ef 
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the root culture! was continued fur 24 days. There were 
4 replicates or a total of 8 plants to each treatment, and 
each plant, whether treated on the rooting or fruiting 
zone, was exposed to the same dosage of labeled calcium. 

Leaves and sections of stems and fruiting organs of 
plants wore sampled at periods of 3, 8, and 50 hr, and 
9 and 24 days. Samples of leaves and stems were from 
lateral branches, since the peanut plant has a short up¬ 
right central stem. Gynophorcs and fruits were thor¬ 
oughly washed with a stream of distilled water when 
harvested, Samples were immediately weighed and sub¬ 
sequently dried at 70 6 C. The plant material was ashed 
and the calcium precipitated as the oxalate (7), which 
was collected on filter paper over a. uniform area for 
measurement of total calcium by weight and radioactivity 
with a thin mica window Geiger counter (5). 8elf-ub 
sorption and decay corrections were made in the usual 
manner (4). 

The pattern of labeled calcium distribution was similar 
for nil plants of a given treatment. Fig. 2 illustrates 
the uptake of Ca" 5 in jig/gm of dry weight of portions 
of two representative plantB after 0 days. Plants re¬ 
ceived the complete nutrient solution on the rooting and 
fruiting zoneB, and experimental conditions other than 
the zone of labeled calcium supply were the same in both 
cases. 

Ca*° administered to the roots could be detected after 
3 hr in all vegetative portions of the plant, being most 
pronounced in the stem, but was found only in the young 
peg (gynophore and ovary) of the different fruiting 
stages. The young peg consistently showed a more active 
absorption of calcium than the other classes of fruit; 
however, the capacity for calcium absorption decreased 
as the peg elongated and entered the fruiting medium. 
At 9 days the shell of fully developed green fruit con¬ 
tained a very small amount of labeled calcium, but never 
more than a trace could be detected in the seed. This 
relationship persisted throughout the 24 days. 

The uptake of labeled calcium by the developing fruit 
was reversed when it was administered to the fruiting 
zone. Tho very active absorption of Cfl 4 ® by the gyno- 
phorcs and by shells and seeds of the fruit from the 
external supply in the fruiting medium very greatly ex¬ 
ceeded the small amount of absorption by these organs 
when labeled Cu was supplied to the rooting zone of the 
plant. This emphasized the capacity for calcium ab¬ 
sorption by the developing fruit from the external supply 
in the fruiting medium. 

It is noteworthy that when labeled calcium was applied 
to the roots of the plant, the capacity for calcium ab¬ 
sorption by the young peg decreased as it developed as 
shown by the decreased absorption of labeled calcium. 
Thus it appears that the calcium content of the young 
peg was diluted as it increased in size and that most 
of the Ca“ found in the fruit was absorbed in the early 
stages of peg development. This suggests that the 
capacity for calcium absorption by the gynophore and 
ovary is limited after a definite point during their devel¬ 
opment and that further fruit development is apparently 


dependent upon the external supply of calcium in the 
fruiting zone. 
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The Influence of Delta and Gamma 
Benzene Hexachloride upon the 
Oxygen Uptake of Brain 1 

Bernard P. McNamara and Stephen Rrop 2 

Pharmacology Section , Medical Division , 

Army Chemical Center , Maryland 

During a study of the pharmacology of sonic stereoiso¬ 
mers of benzene hexachloride (BHC) in mammals, it was 
observed that whereas the gumma isomer is a potent con- 
vulsant agent, the delta isomer is a central nervous system 
depressant. Moreover, it was found that tho two isomers 
are mutually antagonistic in their effects upon the cen¬ 
tral nervous system of the rabbit and dog (5, 6). In the 
same studies attempts were made to mitigate the effects 
of the gamma isomer by the administration of i-inositol, 
which was reported by others to prevent the growth-in¬ 
hibiting action of the gamma isomer upon certain strains 
of saccharomyces (4). In no instance did t-inositol 
modify the course of convulsant action of y-BHO. It 
was believed possible that this failure might be due to 
lack of penetration of t-inositol into susceptible brain 
cells. In view of these observations, and the often men¬ 
tioned correlation (IS, 7-9 ) between narcosis and brain 
oxygen uptake, the following study was initiated. 

In exploratory studies rats received intraperitoneally 
sufficient drug to produce central stimulation (100 mg/kg 
of y-BHG) or central depression (500 mgm/kgm of the 
delta isomer). The rats were decapitated after the onset 
of symptoms, and the QO, of brain slices was determined 
manoinetrically. By this method no difference could be 
observed between control and test brain slices. For the 
experiments reported herein, the following technique was 
employed: Normal rats were killed by decapitation, and 
the brains were removed and weighed. The entire brain 

1 In previous reports the authors need the word “tiam- 
mexane" an a synonym for the gamma Isomer of benzene 
hexachloride. It has been brought to our attention that 
the name “Gammeiane" Is a trade mark designation ( of the 
Imperial Chemical Industries, Ltd. The term gamma ben¬ 
zene hexachloride has been approved by the Committee on 
Insecticide Nomenclature of the American Association of 
Economic Ed tamo legists (J t goon. Entomol, 1047, 40, 260). 

1 The technical assistance of Anne M. Kunkel and Dorothy 
B. Stabile Is gratefully acknowledged. 
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whs then placed in a homogeuizer tulte and 0,05 cc of a 
10% solution of the drug in peanut oil per gram of 
brain was added. Pure oil whs added to controls. The 
brain and the oil solutions were then homogenized, Suffl 
eient quantity of a modified Krebs phosphate solution 
(containing 0.1% glucose) was added to make the Anal 
homogenate, containing 126 mg brain (wet weight) in 
8 cc. This technique was necessitated by the low water 
solubility of the BHO isomers. The homogenate was 
equilibrated with room air at 3R Q C for 10 min and al¬ 
lowed an additional equilibration period of 10 min after 
the vessels were closed. Readings were taken at 16-min 
intervals for a period of 1 hr. 


TABLE 1 

EFFECT of Iboubhs of Bhnzhnb Hkxai hlobidb on 
Bbain Oxygbn Ul’TAKK 


< 'mnpound 

Brain 

(niff/gm) 

No. of 
determi¬ 
nation m 

QO a 

1 wet wt) 

Ratio 
experi¬ 
mental/con t ml 

Cull Lrol 


V 

0.79 ± 0.1* 

1.00 

Alpha 

2.D 

6 

U.02 ± 0.07 

1.10 


5.0 

0 

0.07 ± 0.07 

1.23 

Camilla 

3.0 

13 

0.70 ± 0.06 

0.90 

JHIh 

0.5 

4 

0.98 ± 0.10 

1.18 


1.23 

5 

1.18 ± 0.09 

1.48 


2.3 

3 

1.23 ± 0.13 

1.66 


3.7R 

5 

1.40 ± 0.07 

1.85 


3.0 

11 

1.40 + 0.10 

1.77 

1 Mtn 

6.0 

4 

1.41 ± 0.19 

1.78 

+ 

Gamma 

3.0 




LMta 

30 

3 

1.3ft 

1.71 

4" 

Lnonltol 

23,0 




Gamma 

B.O 

1 

0.77 

0.07 

4- 

InoHlrul 

26.0 





- ™! 

\ X 


The QO fl values obtained on rat brain liumogenates con¬ 
taining added drugs are shown in Table 1. WhereaH 
y-BHC failed to alter the oxygen uptake of the brain, 
the delta isomer significantly increased this function, 
Inositol did not alter the oxygen uptake produced by 
either isomer and y-BHC exhibited no antagonism against 
the effects of the delta isomer. 

The most striking fact obtained from this study was 
the unexpected position of the two Isomers with respect 
to their effects upoti the brain-homogenate respiration. 
The narcotic isomer (delta) produced as high as,an 80% 
increase in respiration over the control. Moreover, its 
pharmacological antagonist, the gamma isomer, a power¬ 
ful convulsant, did not modify this effect. In addition, 
i-inositol was similarly without effect. The “stimulating 
effect 1F of the delta isomer upon the respiration of brain 
homogenate in the face of its narcotic properties in vivo 
is not yet understood and requires further study. The 
possibility that this increased oxygen consumption is 
merely a reflection of the oxidation of the halogenated 
hydrocarbon cannot be overlooked. However, it is inter¬ 


esting to consider these facts in light of the previously 
mentioned hypothesis of the mechanism of action of cer¬ 
tain narcotic agents. 

The unaltered QO. values observed in the exploratory 
studies on rata poisoned prior to decapitation is also note¬ 
worthy. Similar results have often been observed for 
other anesthetics which depress the oxygen uptake of the 
brain on direct addition in vitro . Quastel (7) explains 
this by an outward diffusion of the drug from the cells 
to the medium. It does not Beam likely that this ex¬ 
planation would hold in the case of the isomers of BHC 
since these compounds are oil rather than water soluble. 
No explanation for thiB divergence can be offered at this 
time. 
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Colot Change of Strawberry Anthocyanin 
with D-Gluaue 1 

Ernest Sondheimer end Frank A. Lee 

Division of Food Science aud Technology, 

New York State Agricultural Experiment Station, 

Cornell University , Geneva 

Strawberries (garden varieties) are usually prepared 
by mixing with granulated sucrose prior to freezing. 
Due to the scarcity of this sugar during the war years, 
experiments to substitute other sweetening agents were 
initiated. When crystalline glucose was used a violet- 
to-blue coloration developed on f reusing, which re¬ 
verted to the original red color on thawing. This color 
change with glucose may bo peculiar to strawberries, 
since it has not been observed with small fruits such as 
red raspberries. Interest in the applied as well as in the 
fundamental aspects of this phenomenon led us to an 
investigation. 

Customarily, sliced strawberries are frosen with su¬ 
crose in a ratio of four parts of fruit to one part of 
sugar, In this preparation no change in color occurs. 
However, thirty varieties of strawberries grown in Gen¬ 
eva all turned violet when frozen with ordinary com¬ 
mercial crystalline glucose at -28.3 e G. in a four to one 

i Approved by the Director of the New fort State Agri¬ 
cultural Experiment Station October IB, 194B (or publication 
as Journal Paper No. 778. 
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ratio. Differences in the time required to produce the 
color change were observed, Ten samples of the same 
variety (Dresden) showed color variations of essentially 
the same order of magnitude as those obtained with the 
different varieties. The only exception was a recently 
named strawberry, Fairland, which allowed violet color 
only after 27 days 1 storage. Common varieties like Mar¬ 
shall, Blakemore, Dresden, Howard 17 and Culver all 
turned violet in one to five days. The minimum amount 
of glucose required to produce the violet color in the 
strawberries was found to depend largely on the presence 
of undisaolved glucose. Violet color formation was ob¬ 
served only in those samples which contained glucose in 
a solid form, It is significant to note that all the violet 
material was always found associated with tlie undis¬ 
solved glucose and that in those places where there was 
no solid glucose the strawberry preparation stayed red. 
Whether the glucose crystallized during storage or 
whether it was originally present as a solid did not seem 
to affect the color change. Another observation was 
that the time of separation of the glucose often does not 
coincide with the first appearance of the violet color. 

As was expected, the antliocyanin pigment of straw¬ 
berries plays a dominant role in the violet color develop¬ 
ment. When the anthocyanin chloride (I) (believed to 
be mainly pelargonidin 3-monoglucoside) is dissolved in 
Sorensen's sodium citrate-hydrochloric acid buffor of pH 
3.4, or distilled water, and the solution is saturated with 
chemically pure D-glucose, and frozen at - 23.3° C, a vio¬ 
let color is obtained. If similar solutions are allowed to 
evaporate at room temperature, the anthocyanin also 
turns violet. This residue is stable at room temperatures. 
The anthocyanin revertH to the red form when the frozen 
samples are thawed or when distilled water is added to 
the dry material. 

These tests led to the conclusions that (1) the violet 
color is not due to possible impurities of the glucose used 
Binee e.p. D-glucose gives identical results; (2) low tem¬ 
peratures are not necessary for the formation of the violet 
color; and (3) the color change is reversible. The Tate 
of color formation is influenced by the pigment concen- 
tration. Solutions containing 25% glucose showed violet 
spots after 10 days' storage at -23.3° C only if the an- 
thocyanin concentration was 12 mg% or higher. The role 
of pH seems to be of minor Importance. When the pH 
of frozen samples is lowered to pH 3,0, 2.5 and 1.8 a re¬ 
tarding affect with increasing acidity is noted, The air- 
dried, violet an thocyanin-glucose mixture turns red on 
heating. The transition temperature, which is not very 
sharp, is between 65° and 70° C for the pulverized ma¬ 
terial. Whether or not a loss of water occurred during 
the heating period was not determined. 

Although a number of sugars were tested, only glucose 
gave a characteristic color change with the anthocysnin. 
Tests with sucrose, galactose, rhamnose, fructose, maltose, 
and a methyl glucoside were negative. Several of these 
sugars did not separate from solution under the conditions 
of the experiment and this may have caused the negative 
results. Inconclusive results were obtained with invert 
, sugar. Arabinose seems to have a very slight effect. 


Should it be found that the described reaction really is 
specific for pelargonidin 3-monoglucoside (or other glyco¬ 
sides of pelargonidin) it could well serve as a qualitative 
test for these oompounds. 
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The Effect of Pteroylglutamic Acid on the 
Aromatic Amino Acid Metabolism of 
Premature Infants 1 

C. D. Govan, Jr ., 2 and Harry H. Gordon 

Departments of Pediatrics and Biochemistry, 

University of Colorado Medical Center , Denver 

Scorbutic guinea pigs fed tyrosine (4) and prema¬ 
turely born infants fed cow'b milk mixtures of relatively 
high protein content (J) excrete large amounts of liy- 
droxyphenyl derivatives in the urine. These can be de¬ 
creased markedly by the administration of ascorbic acid 
(J, 4), Woodruff and Darby (£) studied the effect of 

TA1HJC 1 


Effect of Ohai. 1’GA on “Tyhohyl” Excretion 



Infnn I B. L.— 

-weight at birth : 

2.10 kg 

Age 

Weight 

Urine "tyrosyl" 

In 

In 





days 

kg 

mg/cc 

mg/kg/24 hr 

14 

2.04 

1.5 

40 

16 

2.05 

1.1 

34 

21 

2.47 

A 

18 

2D 

3.98 

0.2 

280 

BO 

2.95 

5.4 

807 

31 

PGA— 

-5 mg sturted dally by gnvage 

31 

2,95 

4.8 

368 

87 

3.09 

4.3 

270 

41 

3.10 

B.4 

284 

42 

PGA— 

-10 mg started dally by gavnge 

44 

3.26 

a.i 

267 

40 

3.40 

1.4 

112 

50 

3.52 

0.2 

17 


administration of PGA on the excretion of hydroxyphenyl 
derivatives by scorbutic guinea pigs and found that PGA 
repaired the defect produced by lack of ascorbic acid. 
Johnson and Dana (£) have reported that ascorbic acid 
produced significant increases in weight gain and leuco¬ 
cyte and normoblast count in PGA-deficient rats. 

In the present study, PGA was given to 10 premature 
infants fed cow's milk mixtures containing 0 g of pro¬ 
tein and 120 cal per kg of body weight per day, but 
no ascorbic acid. Urine was collected foT timed periods 

3 Aided by grants from the Vend Johnson Company. Evans¬ 
ville, Indiana, and Continuing Research Fund of the Univer¬ 
sity Of Colorado Medical Center, 

■ Postdoctoral Fellow of the United States Public Health 
Service, 
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of approximately 24 hr and hydroxyphenyl derivatives 
were determined (i). 

AU ten infanta excreted significant amounts of “ty- 
rosvl M before administration of PGA. For one infant, 
A.L., the gavage feeding of 5 mg of PGA daily for seven 

TABLE 2 


Effect or Intrauuh culab PGA on "Tvbosol’' Excuktiox 



Inlnnt 1'—weight at birth : 

: 0 07 kg 

Age 

Weight 


Urine "tyroeyl'' 

In 

In 







days 

kit 


mg/ee 

n»g/kg/24 hr 

48 

2.U1 


8.4 

224 

Tj 2 

2.24 


a.2 

187 

53 

PGA- 

—30 mg 

started 

dally by gavage 

r, 7 

2.27 


4.4 

227 

01 

2.35 


8.2 

278 

HI 

PGA 

discontinued 


nr, 

2.50 


4.8 

281 

HU 

2.56 


5,1 

286 

74 

2.78 


4.1 

310 

7H 

FGA- 

-ao ing 

started 

dally by Intra- 




muscular Injection 

7 K 

2.02 


0.2 

1O.0 


Lair 

TABLE 3 

of Effect of PGA on "Tyhosol” Excretion 


Infant IL P. 

-weight at birth : 2.10 kg 

Age 

In 

days 

Weight 

In 

hK 


Urine “Lyrosyr’ 


ing/rr 

mg/kg/24 hr 

l r, 

2.13 


4.0 

240 

17 

2.27 


4.5 

387 

1 s 

PGA- 

-10 

nig stalled 

dally by Ravage 

2II 

2.30 


a.o 

201 

23 

2.50 


4.4 

200 

27 

2.64 


4.8 

B24 

31 

2.75 


5.1 

3H0 

32 

PGA 

20 

nig atnrted 

dally liy guvuge 

87 

2 . 0 r, 


0.1 

212 

;io 

3.03 


3.0 

278 

43 

3.13 


4.0 

2H2 

43 

FGA- 

-15 

mg started 

dally Intrn- 



lliUHCularly 


48 

8.82 


4.4 

242 

46 

PGA 

discontinued—ascorbic acid 100 mg 


Intramuscularly 


K 

8.43 


0.4 

83 


days produced a striking decrease in "tyrosyl" excre¬ 
tion, which persisted as long as 13 days following cessa¬ 
tion of PGA therapy. For his twin brother, E.L., gavage 
administration of 6 mg daily for 10 days was without 
effect, but 10 mg was effective after four days, (see 
Table 1), For Infant P., the gavage feeding of 30 mg 
of PGA for eight days was ineffective, but the intramus¬ 
cular injection of the same dose for two days Led to a 
prompt drop in hydroxyphenyl excretion (see Table 2). 
For infant E., the administration of folio acid, 10 mg 
orally for 10 days, had a partial effect, but the adminis¬ 
tration of 30 mg intramuscularly for three days produced 
a striking effect. For the remaining six infants, PGA 
was ineffective whether given orally or by gavage In dally 


doses of 10-30 mg for periods of 8-15 days, or intramus¬ 
cularly in daily doses of 15-30 mg for periods of 5-8 
days. In five of the six Infants for whom PGA was in¬ 
effective and who were given ascorbic acid, there was a 
prompt decrease in excretion of hydroxyphenyl deriva¬ 
tives. The findings for one infant in this group are 
given in Table 3. 

Definition of the conditions under which pteroylglu- 
tamic acid is or is not effective in premature infants re¬ 
mains the subject for future studies. It is of interest 
that a difference dependent on the route of administra¬ 
tion was the deciding factor in two of eight infants 
tested. The variability in response recalls a similar ex¬ 
perience with liver extract noted in a previous study (J). 
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A Method for Self-Control of Population 
Growth among Mammals Living 
in the Wild 1 

John B. Calhoun 

Rodent Ecology Project, Johns Hopkins University 

It Is a common observation that the numbers of most 
organisms in a reproducing population reach an equi¬ 
librium with the conditions of their environment. In 
approaching this upper limit of the logistic of the 
population, Pearl (4) has pointed out that “the rate 
of reproduction or fertility is negatively correlated with 
density of population." This is merely a statement of 
fact which prompts the study of the mode by which the 
reduction in contribution of progeny to the population 
occurs. Whatever the means of reduction, the result is 
that there are less adults to compete for the existing 
supply of food and harborage. 

A recent note in Science by Mirone, et at. (1) suggests 
one possible way in which the increment to a population 
may be effectively reduced. They observed in mice that 
newborn young of mothers on a poor diet frequently fail 
to survive past the fourth day, From the fact that these 
same mothers may successfully rear adopted litters born 
to mothers on an adequate diet, they conclude that failure 
of the litters to survive is due to inadequate nutrition 
during gestation, This conclusion suggests that any 
environmental conditions which affect the maternal 

1 The work reported In this paper was conducted under a 
grant from the International Health Division of the Rocke¬ 
feller Foundation. 
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physiology to the extent that foetal nutrition is lowered 
will slow down the rate of population growth duo to 
early post-parturition mortality. 

Recent observations on the growth of a colony of wild 
Norway rata (Bottus norvegious) indicates that this 
process of upsetting maternal physiology may he one 
of the limiting factors in population growth. This ex¬ 
perimental colony is maintained in a 100'-square pen 
where abundant food (Purina fox checkers) is continu¬ 
ally available in a 20' square central pen to which the 
rata gain aoceaa by four narrow passages Fig, 1 shows 
details of the pen. 



Fig. 1. Diagram of pen In which ruLs are housed : outer, 
central, and middle fences which prevent rats from passing 
over or under them ; 8 passages through fences (8" clay drain 
tllei) ; food and water continuously and abundantly avail¬ 
able In central pen ; U harborage boxes In each of tl»p 4 tri¬ 
angular corner areas ; rats allowed to dig burrows In alley 
and In triangular areas, 

The colony in the pen woe begun with five pairs of 
rati, which are assumed to have been as genetically 
homozygous as it is possible to trap them in the wild 
state. This assumption is made on the following infer¬ 
ential grounda. The rats were trapped in February 1947 
on Pomona Island, a 150-acre tract of land in the Chess 
peake Bay. Its land bridge with the mainland was 
severed about 40 years ago, since which time the rats 
have been effectively isolated. The u umber of rats on 
the island has fluctuated widely both ou an annual basis 
and on the basis of changes in agricultural practices. An 
experimental reduction by poison in 1023 was conducted 
by the Fish and Wildlife Service. A second experimental 
reduction was conducted in the spring of 1946 by J. T. 
Emlen and D. E. Davis, of the Rodent Ecology Project. 
Estimations of numbers: (a) pre-poisoning, 670; (b) 
poet-poisoning, 220. At the time of trapping in Feb¬ 


ruary 1947 surveys Indicated that there were probably 
no more than 150 rats on the island. Under these cir¬ 
cumstances of fluctuation in population sine, it might be 
anticipated that considerable homozygosity would have 
been reached through gene drift (5). It is from this 
inference that the conditions here reported are judged 
to arise from environmental rather than hereditary 
differences. 

Rats living in the triangular areas were further from 
the food source than were those living in the alley. 
There was thus produced a simple gradient of availahilty 
of food in Which nnc group of rats had on advnntftge 
over another group. This gradient of availability of 
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food was in ten sided bv the social life of the ruts. Unis 
become attached to certain areas of the pen and their 
movements arc mainly confined to these areas and from 
it to the food pen and back. In order to get to the food 
pen, rats living in the triangular areas frequently must 
pass near the burrows of rats living in the alley. At 
such times they may be repulsed by the resident rats. 
Such repulsion is particularly severe when the resident 
alley rat is a lactating female, With frequent repulsions 
the individual’s growth rate is slowed down, and sine* 
weight is a major factor in winning combats, such indi¬ 
viduals occupy a low position in the social hierarchy, and 
in extreme cases the individual becomes so inhibited that 
it approaches the food pen with great caution, even when 
no other rats are about 

To illustrate the effect of social conditioning ou phys¬ 
ical well-being and reproduction the histories of three 
females from each of two litters are given In Table 1. 
Litter 3 (L-3) was bom May 30, 1947, in one of the 
triangular areas. Litter 5 (L-5) was bom August 16, 
1947, in the alley near the food pen, Though born 21 
months later the L-5 females average 50 gins heavier 
than the L-3 females as adults. As individuals, the upper 
asymptote of their growth curves was reached in 8 
months by L-5 females, but not until 12 months by L-3 
females, when weight is used as the criterion. The degree 
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of social inhibition is reflected in the number of fresh 
wounds recorded at each time of handling. It Is the loser 
in a combat which usually receives wounds as it turns to 
flee. L-3 females received nearly 10 times ns many 
wounds as L-5 females. 

It so happened that the total number of pregnancies 
for the females in each litter to the last date of handling 
was the same. The contrast between the two groups in 
their reproductive history lios in the fate of their litters. 
Although the socially dominant, larger females were 
known to have weaned ]0 litters from their 12 preg¬ 
nancies, the socially inhibited individuals with r retarded 
growth rate definitely weaned no more than one litter. 
These observations give no direct evidence up to the 
cause of the differential survival rate of the young of 
these two groups of females. However, the histories of 
the mothers indicate that there is a physiological and 
psychological disturbance in socially inhibited individuals 
which might hwvc a deleterious effect on the progeny 
either through poor foetal nutrition or from breakdown 
of maternal instincts. At any rate, social conditioning 
may be a potent factor in population control among 
mammals. 
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Chemical Analysis of Spectrophotometric 
Findings in the Cerebrospinal Fluid 

M. Spiegal-Adolf, H. T. Wycii, and E. A. Spiegel 
Deparimentt of Colloid Chemistry, 

Neurosurgery and Experimental Neurology , 

Temple University School of Medicine, Philadelphia 

An attempt to interpret the absorption band shown 
by cerebrospinal fluids (CSF’s) at 2,650 A has to take 
Into consideration a number of substances (4); bar¬ 
biturates, ascorbic acid, purine-pyrimidine compounds 
and also, to a certain extent, proteins, although the 
latter give a maximum absorption at u somewhat longer 
wavelength (2,750 A), While it ia easy in most cases 
to exclude barbiturates by avoiding or stopping their 
administration several days before the spinal tap, H 
seems desirable to determine by chemical methods the 
relative participation of the other components respon 
sible for the absorption at 2,050 A, In 40 OSF's of 
patients with organic or functional nervous disorders, the 
ultraviolet absorption and the ascorbic acid content 
were determined simultaneously, the first by means of a 
Beckman photoelectric spectrophotometer, the latter by 
fhe method of Robinson and Stote (#), as recommended 
by Satterfield (J), and using a Klett-Summerson colo¬ 
rimeter. The data resulting from routine examination of 


the OSF (total protein, globulin, cell count, Wasserinann, 
colloid gold) were available, In cases in which these 
data and/or a shift of the ultraviolet peak to 2,750 A 
indicated au increase of proteins, we determined the 
protein content also, after the spectrophotometric study; 
the opalescences caused by sulfosalicylic acid both in a 
known standard solution and in the OSF were cdkupared 
by meanB of the Klett-Summerson colorimeter. 

With the help of our standardization graphs, the as¬ 
corbic acid values were converted into extinction coeffi¬ 
cients and these values (Fa) were subtracted from the 
experimentally determined extinction coefficients of the 
C-HF (Ecaf) so that h difference (D,), unaccounted for 
by the ascorbic acid, resulted. Similarly, the protein 
values were converted into extinction coefficients (Ep), 
so that finally a residual value (D E = Ecsf-Ea-Ep) was 
obtained. 

The material was arbitrarily divided into three groups; 
one with low D, values (0--0.4), one with intermediate 11, 
values (0.41-0.8), and one with high D, values (above 
0.8). In the first group showing D, values below 0.4 
Hud D H values up to 0.14, apparently the ascorbic acid 
and protein content of the OiF accounted for the selec¬ 
tive absorption with the peak at 2,050 A. These were 
cases without definite structural alterations of the central 
nervous system or with preponderant lesion of the white 
mutter, cases studied one or more years after cerebral 
injury or in the early stage of cerebral affection, 

In group II, showing D, values between 0.45 and 0.H 
and D s values up to 0.01, there were cases of herniated 
discs, cerebral dysrhythmias, head traumata, an encap- 
sulated metastatic carcinoma of the brain, and a hydro¬ 
cephalus. 

In group III, with 1), values varying between .84 and 
2.3 and I) a values up to 2.16, ruptured discs, producing 
spinal block, convulsive disorders, concussion studied 
shortly after the accident, post-traumatic encephalomala- 
cia, compression of the spinal cord, and particularly 
tumors Of the central nervous system were found. It 
should be emphasized that this enumeration is only de¬ 
scriptive, end that differential diagnostic conclusions will 
depend on further studies on a larger material. 

These findings indicate that the selective absorption of 
CHF’s cannot be explained in all instances by the as 
corbie acid and protein content as claimed by some 
authors (I, 7). In interpreting the residual D, values, 
it seems of interest that they were particularly pro¬ 
nounced in tumors of the central nervous system, i.e., in 
conditions where a marked destruction of nuclear sub¬ 
stances may be expected. It should also be noted that 
there was a statistically significant difference between 
the meanE of normal control OSF's and that of CSF’s 
withdrawn between 1 hr and 2 months after cerebral con¬ 
cussion (6), and also that D f values above the normal 
range were demonstrable in CSF's tapped shortly after 
cerebral concussion. These observations are "mentioned 
because this type of cerebral traoma induces ehromato- 
lytto changes in the nerve cells (Windie st al, t 8), It 
therefore seems justified to assume that the residual D, 


336 


SCIENCE 


April 1, 1049, VoL 109 


values observed are caused chiefly by constituents of 
nuclear substances such as purine-pyrimidine compounds. 1 
These are not necessarily nucleic acids, but may be their 
cleavage products, as pointed out previously (Spiegel- 
Adolf et al5 ), 
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Some Effects of Nonherbicidal Concentrations 
of 2,4-D on the Development of 
the Bean Plant 

Victor A. Greulach and Sucha Singh 

Department of Plant Pbyaiology and Pathology, 

A M College of Texan, College Station 

Reports on the influence of nonherbicidal concentra¬ 
tions of 2,4-D on bean plants have been published by 
Wittwer and Murneek (£), Weaver (7), Burton (1), 
and Stromme and Hamner (6). The results of the pre¬ 
liminary experiment reported here confirm and extend 
previous observations on tho morphological effects of 
2,4-D on beans and on the delaying and inhibiting effect 
of 2,4-D on reproductive development found by Weaver 
(?) and Stromme and Hamner (€). No hastening of 
maturity or increase in yield such as was reported by 
Wittwer and Murneek ( 8 ) was found in this study. 

Plants of PhasioliLg vulgaris L. (var, bountiful) were 
sprayed on both surfaces of all leaves with 1, 5, and 10 
ppm of the soduim salt of 2,4-D on February 27, 1948, 
when they were 21 days old and had two fully expanded 
compound leaves. Although there were only four replica¬ 
tions per treatment because of space limitation, statistical 
analysis of the data secured indicated the differences 
reported here to be statistically aignifleunt except where 
otherwise noted. Daily observations of the development 
of each plant were made, and all abscised leaves were 
retained for inclusion in the Anal dry weight detennina-, 
tions. The plants were allowed to complete their life 


1 ln this connection, It also seems noteworthy that Jn 
some conditions associated with a statistically significant 
Increase of the selective absorption of the CSF at 2,650 A 
(e.g. p following repeated electro-shock treatment), sub¬ 
stances able to split added nucleic adds are Increased In 
the CH F (0). 



Fig. 1. Menu niiuih^r of parts per plant nud nmiu length 
of pods, Illustrating the delaying and Inhibiting effect of 
2,4-D on reproductive development. The data on flowers and 
flower buds were secured Mnrch 10, on pods March ID, ami 
oil Heedrt and leaves April 30. 

cycles. No pods were removed until they were dry and 
mature, but they were picked before dehiscence to avoid 
the loss of seeds. By April 30 all leaves had abscised ami 
all seeds matured. Dry weights were then determined. 

None of the treatments produced visible effects on the 
opposite, simple leaves, but the compound leaves of plants 
sprayed with 5 and 10 ppm exhibited characteristic in¬ 
ward rolling and epinasty. In three plants receiving 10 
ppm the stem assumed a horizontal position, and the 
youngest fully expanded leaf a vertical position. The 
stem resumed vertical growth at the next node, but the 
horizontal portion remainedvin that position. Otherwise, 
recovery from epinasty had occurred by March 3. The 
5- and 10-ppm concentrations caused a temporary inhi¬ 
bition of growth in height, but there were no significant 
differences In final height. By March 13 all plants 
sprayed with 5 and 10 ppm and, to a slight degree, some 
of those sprayed with 1 ppm had developed new leaves 
with crinkled, lanceolate, and mottled leaflets. The tissue 
adjacent to the veins became chlorotic, hut the leaflet mar¬ 
gins and vein islets remained green. By March 19 the 
leaves of the control plants and some of those on plants 
which had received 1 ppm were turning yellow, appar¬ 
ently due to the approach of maturity, but all leaves on 
the plants which received 5 or 10 ppm were still dnik 
green. Small, white, conical outgrowths developed on the 
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Fro. 2. KflVrt or 2,4-D on the dry weight of tbe various 
organs of bcnn [dnntn and of Hie tnlul vo#*>hiilvi> and repro¬ 
ductive otk’UIin, expressed iim p**rc**n tajre of the total dry 
weight, 

under surfaces of some of the most deformed leaves. 
These were similar to those reported by Felber (.?) but 
had developed during March end April, while Felber 
found such proliferations oil the lower epidermis regu¬ 
larly only from June to October. 

The 2,4-D appeared to promote, rather than to delay 
or inhibit, leaf abscission. Leaf abscission began on the 
controls and plants in all treatments on March 30 but 
was completed a weak earlier in the plants sprayed with 
5 or 10 ppm than on the controls or plants sprayed with 
1 ppm. The abscission of loavos from all plants reached 
a peak betweon April 11 and 14, and tbe rate during this 
peak period was higher for all treated plants than for 
the controls. 

All controls and plants which received 1 ppm, and two 
plants which received 5 ppm began blooming on March 6, 
but none of the plants sprayed with 10 ppm bloomed 
until a week later. The number of macroscopic flower 
buds and flowers on March 10 Is given in Fig. 1, and 
the data on pods in this figure provide additional evi¬ 
dence of the delaying effects of the 5 and 10 ppm con¬ 
centrations on reproductive development. That this re¬ 
pression of reproductive development was not due to a 
\ general repression of growth is indicated by the increased 
vegetative development of the treated plants (Figs. 1 


and 2). Some of the flowers on the plants sprayed with 
10 ppm were deformed, having greatly reduced petals, 
elongated and asserted styles, and ruptured ovaries. The 
pods of the plants sprayed with 5 and 10 ppm were un¬ 
usually dark green, and even those on plants sprayed 
with 1 ppm were darker green than the controls.. 

None of the treatments had a significant effect oil 
total dry weight of the plants, but there were significant 
differences in the dry weights of the various organs (Fig. 
2). The 5- and 10-ppm concentrations definitely pro¬ 
duced a decrease in the dry weight of the reproductive 
organs and a concurrent increase in the dry weight of 
the vegetative organs. The 1-ppm concentration, however, 
produced a significant effect which was the reverse of 
this, due principnlly to the unusually high seed weight 
in this treatment. This was not due to a greater weight 
per seed, nor to a larger total number of seeds, but to 
a larger number of fully mature seeds (Fig. 1). In 
general, the weight per seed decreased with an increase 
in concentration. "(The mean weight of the mature 
seeds of the controls was 0.328 gm, and mean weights 
of the seeds of the plants treated with 1, 5, and 10 ppm 
were 0.286, 0,337, and 0.250 gm, ± 0.020). There is no 
evident explanation for the high weight per seed in the 5- 
ppm treatment. The increase in the total dry weight, of 
the leaves with concentration of 2,4-D was due to tbe 
increase in the number of leaves, rather than to an in¬ 
crease in weight per leaflet, which actually decreased 
with higher concentrations. It seems possible that the 
delaying and inhibiting effects of 2,4-D on reproductive 
development reported here and by other investigators are 
the same type of phenomenon as the inhibition or delay 
action of other growth substances, reported by Doatal 
and Hosek (£), Obail (£), Galston (rf), and others. 
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The Effect of Castration and of Testosterone 
upon the Respiration of Rat Brain 

Eugene Einmberg, Gilbert 5. Gordon, end 
Henry W. Elliott 

Division of Pharmacology ond Experimental Therapeutics 
and Division of Medicine of the University of Californio 
Medical School* S#t» Francisco 

In an earlier paper ($) It was reported that various 
steroids are capable of inhibiting tbe oxygen uptake of 
rat brain homogenates. It was found that testosterone 
inhibits the oxidation of glucose at some point preceding 
participation of the cytochromes in “the main line of 





SCIENCE 


April 1, 1940, Vol. 109 


338 


biological oxidation *’ (£). In an attempt to determine 
whether or not testosterone la concerned with normal oxi¬ 
dative mechanisms, we have compared the respiration of 


It will further be observed that the QO a of the brain 
of the untreated caatrated rat to which testosterone haa 
been added in vitro (5.3) in essentially the same as that 


TAHLK 1 
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tissues of castrated rats with the respiration of tissues 
of normal and testosterone-treated castrated rats. 

Male rats of the LiOng-Evans and Blonaker-Wistnr 
strains were used. There were no significant differences 
between data derived from the two strains and therefore 
the results were pooled. Tissue respiration studies were 
performed upon three groups of animals: a group of 
normal males, a second group castrated at the age of 30 
days, and a third group castrated at 30 days and after 
ward treated subcutaneously with 1 mg of testosterone 
propionate 1 per day. The rats were decapitated at 60 
days of age and the QC> 2 of brain was determined by 
the direct method of Warburg. Cell suspensions of 
cerebral hemispheres were prepared by the method of 
Potter and Elvohjem (6) in ice-cold modified Krebs’ 
Ringer-phosphate buffer containing 0.2% glucose as sub¬ 
strate, One ml of a 10% homogenate was placed in a 
Warburg flask containing sufficient buffer and material 
in the sidearm to make a final volume of 2 ml. The 
vessels were placed in a bath at 37.2° 0 within 10 min 
after decapitation. The gas phase was oxygen. Each 
experiment lasted 3 hr with readings talten at 15-min 
intervals. When testosterone was added in vitro , 2 zngm 
of a fine suspension was added after a 90-min control 
period. QO a is reported as jil of oxygen per mgm of dry 
brain per hr. Wet/dry ratios were determined by the 
method of Crlsmon and Field ( 1 ). 

Experiments! data are summarized in Table 1. It will 
be observed that the brain of the castrated rat has an 
oxygen uptake 32% higher than that of the normal rat 
(p value < 0.01), The brain of the castrated rat treated 
with testosterone respires at a rate only slightly higher 
than normal (p < 0.01). The addition of testosterone, 
in vitro further suppresses the oxygen uptake of all 
groups; however, the inhibition is far less in the castrated 
than in either the treated castrated or the normal group, 

* Grateful acknowledgment la made to Dr. E, Oppeu- 
helmet, Clba Pharmaceutical Products, Inc., Summit, New 
Jersey, for the testosterone propionate (Perandren) and the 
unesterlfled testosterone need In this study. 


of the testosterone-treated castrated rat brain (5.4) at a 
comparable time. The rate of oxygen uptake by the 
brain of the treated castrated rat can be decreased to n 
still lower level (2.6) by the further addition of testo¬ 
sterone in vitro. The variations in 0°2 cannot be ex 
plained by difference in water content, since the wet/drv 
ratios of all groups arc essentially the same, 

Inasmuch as the potential enzymatic activity of certain 
tissues exceeds the actual activity found in vivo , the win 
cept of the metabolic " brake' ’ has been postulated (4, 
•i). It appears that testosterone exerts such a "brak¬ 
ing” action upon the oxidation of glucose by the Tat 
brain, This is borne out by the high Q0 2 of the cas¬ 
trated rat brain and the prevention of the rise of QO^ 
by testosterone treatment in vivo. The further addition 
of testosterone in vitro is capable of lowering the QO., 
to subnormal levels in normal and testosterone-treated 
castrates. This is not the case with untreated castrates. 
Tn other words, the brain of the castrated rat is less 
sensitive to the oxidation-inhibiting effect of testosterone 
in vitro than is the brain of the normal rat or of the 
castrated rat treated with testosterone. A possible inter¬ 
pretation is that the Intracellular concentration of the 
enzyme system by which testosterone exerts its inhibiting 
effect upon the oxygen uptake of brain Is decreased after 
castration. This decrease can be prevented for the most 
part by the administration of testosterone. 

[Aided by grants from the National Institutes of Hen Irk, 
Bctliesda, Maryland to the Division of Pharmacology and 
Experimental Therapeutics, and from Clba Pharmaceutical 
Products, Inc., Summit, New Jersey, to the Division of Medi¬ 
cine, University of California Medical School}.' 
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Comments and Communications 


Glycine Reagent for Paper Chromatograms 

Glycine on a paper chromatogram can be identified us 
a Hellebore green spot, chocolate brown under radiation 
in the region of 3650 A, by spraying with a solution of 
ortho-phthalaldehyde, previously described by the senior 
author as a colorimetric reagent (A. R. Patton, J. biol. 
Chem., 1935, 10B, 267). Interfering substances present 
in protein hydrolyzates (particularly ammonium ions) are 
dispersed by using 77% ethanol as the solvent mixture. 
(Aromatic solvent mixtures produce abnormal reliction*. 
We have found ethanol to bo satisfactory for ascending 
separation in a range between 65 and §5% by volume, 

and 77% ethanol [ sp. gr. 0.87 ^the most suit 

| 00° Fj 

able.) Rf values for individual amino acids with ascend¬ 
ing irrigation on Whatmnn No. 1 paper were measured 
with nlnhydrin as follows: cystine 0, lysine .21, arginine 
.26, aspartic acid .28, histidine .29, glycine .32, serine 
.37, tryptophan .38, glutamic acid .39, tyrosine and 
hydroxyproline .43, threonine .45, alanine .49, proline .55, 
methionine .64, phenylalanine .65, valine .68, leucine .76, 
Isoleucine .77, and ammonium ions .57 (developed with 
glycine reagent). 

In addition to identifying glycine, use of the reagent 
permits detection of ammonium ions (dark grey), and 
histidine and tryptophan (separate spots, intense yellow 
fluorescence under radiation around 3650 A). Among 
the compounds tested which cannot be detected by use 
of the glycine reagent are alanine, arginine, asparagine, 
aBpartic acid, choline, creatinine, cystine, glutamic acid, 
glutamine, glutathione, glycine-betaine, hydroxyproline, 
isoleucine, leucine, lysine, methionine, nor-leuclne, phe¬ 
nylalanine, proline, serine, threonine, tyrosine, and valine. 

The method has been found satisfactory for the detec¬ 
tion of glycine in the hydrolyzates of casein (low in 
glycine), gelatine (high in glycine), pilchard protein, 
Vegamine (a hydrolyzed plant protein), as well as in a 
mixture of 18 amino acids. Out of three commercial 
samples of hydroxyproline tested, one was found by thin 
method to be contaminated with glycine. 

The glycine reagent is apparently not yet available on 
the market. For the ^mple used we are indebted to 
Charles D. Hurd, Northwestern. University. This sample 
was prepared as follows: 10 g o-bis(dibromomethyl) 
benzene was hydrolyzed according to the directions of 
Patton (/. biol, Che m., 1935, 108, 267) with 9 g potas 
aium oxalate, 02 ml each of water and 95% ethanol. The 
mixture was refluxed 41 hr with occasional shaking, 
After which 50 ml was dixtilled oft, and added to 300 ml 
water containing 21,3 g trisodium phosphate dodeca- 
hydrate. The solution used as ''glycine reagent 11 was 
obtained by distilling 300 ml from this mixture, melting 
out crystals as they appeared in the condenser. The 


colorless solution, stored in :i brown bottle, was over 18 
months old when used. 

A. R. Patton and E. M. Foreman 

Chemistry Department, Colorado A & M College, 

Fort Collins , Colorado 


Nomenclature of the Soybean 

In the paper published recently by P, L. Ricker uinl 
W. J. Morse ( J. Amer. Hoc. Apron., 1948, 40, 190), the 
old question of the correct scientific name for tlic soybenn 
was discussed again. According to the authors 1 point of 
view, Glycine. Max (L.) is the name to be used for that 
plant. The authors base their arguments on the ap¬ 
parent fact that Phaseolus Max L. is the oldest specific 
nume for the soybean. I wish to show later the status 
of this name. There is no doubt that Linnaeus 1 original 
description of Phaseolus Max in his Species plantarym 
(1753) has some specific characters derived from another 
element, namely Phaseolus Mungo L.; this may be 
proven by the reference to a name under P. Max, which 
was given to the plant, now being known under the name 
of Phaseolus Mungo L., by P. Herrmann in Musaeum 
Zeylanicum (1726). The majority of the botanists inter¬ 
ested 1 consider Phaseolus Max L. to be identical with 
Phaseolus Mungo L, Furthermore, H. Trimeii- pro¬ 
posed entirely to use the name of P. Max L. in favor 
of that of P. Mungo L, 

Generally, the confused species Phaseolus Max I.. 
would belong partially to the genus Glycine, partially to 
that of Phaseolus. On the other hand, the proper de¬ 
scription of the soybean was made by Linnaeus under the 
name of DoHoHoh Soja , hIho in his Species plantarum 
(1753). On account of the above remarks it is evident 
that Phaseolus Max of Linnaeus must be considered as a 
nomcn confusum. (Ini. rules of botanical nomencl.. Art. 
64: “A name of a taxonomic group must be rejected if 
the characters of that group were derived from two nr 
more entirely discordant elements, especially if those ele 
meats were erroneously supposed to form part of the same 
individual. 11 ) Because of increasing use of the invalid 
name for the soybean,* Glycine Max (L,) Merrill, instead 
of the correct denomination Glycine Soja (L.) Biehold ct 
Zuccarini, I hope this note may be useful. 

Jittf Paclt 

Prague, Czechoslovakia 

* Represented by W. Roxburgh (Flora indioa^ 1882). 

* Handbook of the flora of Ceplon, 1894, 8, 72. 

■Quite recently, the Incorrect name Qlyolne Max has ap¬ 
peared also In a number of standard handbooks, e.r- C. D. 
Darlington ft &. K. Janakl Animal : Chromosome atlas (1945). 
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Two Ancient Archeological Sites 
in the Great Basin 

During the years 1936 to 1942 my late husband 
William H. Campbell and I spent considerable time 
studying two ancient archeological sites in the Great 
Basin; one on ancient Labe Tonopah in Big Smoky Val¬ 
ley, Nevada, the other on the long abandoned shores of 
Owens Lake, California and along the old river channel 
which drained it southward. In 1936 and 1939 Dr. 
Ernst Antevs took part In the field work with us. 

At both places Folsom, Pinto, and Mohave artifacts 
were found segregated from each other. These types of 
artifacts aro described in the following papers: Frank 
H. H. Roberts, "A Folsom Complox: Preliminary Re¬ 
port on Investigations at the Lindenmeier Bite ill North¬ 
ern Colorado, 1 ' Smithsonian misc. ColL, 1935, 94; idem, 
* 1 Additional Information on the Folsom Complex ,' 9 
tbtd., 1936, 95; Elizabeth and William H. Campbell, 
David Scharf and Charles Anisden, "The Pinto Basin 
Bite," Southwest Museum Papers No. 9, 1935; Elizabeth 
and W. H. Campbell, Ernst Antevs, Charles Amsden, 
J. A. Barbieri and F. D. Bode, 1 * The Archeology of 
Pleistocene Lake Mohave," ibid., No. 11, 1937, 

The Lake Tonopah Bite is located west of the city of 
Tonopah on and just north of pluvial Lake Tonopah, 
mapped and described by E. O. Moinzer ( V. 8. Geol. 
Survey, Water-Supply Pap. 423, 1917). Here tho arti¬ 
facts wer^ found on the surfaces of the beaches in the 
following descending order, or from older to younger: 
First, Mohave, second Folsom, third Mohave, fourth 
Pinto. Hence Mohave artifacts occur on both higher 
and lower beaches than the Folsom objects. Of Folsom 
implements there were hundreds gathered, mostly on a 
sandy ridge bordering Peavine Creek, which flows into 
the basin in wet years and on the adjoining gTavel shores 
of the ancient lake. Typical specimens are pictured in 
‘ ‘ A Folsom Complex in the Great Basin, the Master 
Key," by Elizabeth and William H. Campbell, January 
1940, pp. 7-11. Barring the deeply grooved Folsom 
points, everything found at Dr. Roberts’ Lindenmeier 
Site was represented, and all other Folsom artifacts, 
including slightly fluted points, resembled in detail the 
tools from Lindenmeier. In Dr. Roberts’ present view 
the assembly is not true Folsom, since it lacks the deeply 
fluted point, which he regards as the crucial criterion 
("Evidence for a Paleo-Indian in the New World," 
Jefa Americana, 1943, 1, 171-201; see p. 173). 

While the Folsom here could be associated with Pear 
vine Creek, it seems more reasonable to associate it with 
the old lake features no later than the last great pluvial 
period, and the fact that there is no change in work 


tools precludes any great passage of time In its spread 
from the Great Plains to southern Nevada. 

The site is of value for two reasons: first because of 
the presonee and the relative distribution of Folsom, 
and second because post-Pinto cultures occurring in the 
deeper parts of the basin show what followed the old 
complexes here, down to the reeent Indian occupation. 

At Owens Lake we have a series of beaches descending 
from the crest of a bar at 3,675 elevation, or 12B feet 
above tbe playa flat, to the lowest shore lines merging 
into the surface of the present bare playa. The crest 
stands some 85 feet below the old overflow channel at 
about 3,760 foet (H. S. Gale, in [7. 8. Geol. Survey Bull. 
1915, 580, 856). 

On the crest we found Mohave artifacts extending 
for some miles across the north sbevo of the lake, while 
to the north and farther back from the lake, and possibly 
at a fow feet lower level, were Pinto artifacts. 

On the lake side of the crest the next lower and thus 
younger second beach was barren of artifacts. The 
third beach contained Folsom artifacts and although 
there was no such concentration of artifacts as occurred 
on the Nevada site, there was nothing found on this 
beach except Folsom. Thus the three types of artifacts 
were fully segregated, nowhere mixed. 

Below tho fourth beach there is a zone of sandhills 
which, occurring at this level nearly all the way around 
the lake, could have been blown up during the very arid 
period following the end of the last glacio-pluvial period. 
Above the sand dunes the beaches are tremendous in 
sweep and width, while below they are small and nar¬ 
row. It is on these latter beaches that modern Indian 
nrrowpoints and artifacts are found. 

We followed the ancient continuation of the Owem 
River southward past Hoiwee reservoirs, through the old 
gorge into Rose Valley, and below and through Rose 
Valley to Little Lake and China Basin beyond, We 
found good sitos a mile or two north of Little Lake 
near the extinct volcano and around a dry waterfall worn 
by the old river. 

Accordingly, with the exception of the deeply grooved 
Folsom points, the entire assemblage of artifacts found 
at the foremost Folsom site—the Lindenmeier in Colo¬ 
rado—have also been found on the pluvial Lakes Ton¬ 
opah and Owens; and they occur on beaches at Blightly 
different levels than do the Mohave and Pinto imple¬ 
ments, which also are segregated. 

Elizabeth W. Crozeb Campbell 

Green Pastures Manok, 

Carson City, Nevada 
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In Memoriam 


William Thomas Shaw 

1873-1948 

William T. Shaw, professor emeritus of zoology at 
Fresno State College, was a naturalist who began an 
intimate association with the out-of-doors when he 
was a small boy in southern Ontario, Canada, and 
who continued to find in nature an all-absorbing in¬ 
terest until the end of his 75 years. 

Only a few professional biologists today cun be 
called naturalists. William T. Shaw was outstanding 
in this select group because of the completeness with 
which he devoted his life to the study of nature. He 
never married. During the 20 years of his residence 
in Freeno he owned no local property, and the time 
that men generally devote to their families, gardens, 
and golf he gave to biology. 

Most of his waking hours were spent in teaching, 
writing, photography, and taxidermy, in the interests 
of his beloved Fresno Natural History Society, and 
in preparing a unique series of habitat cases (Sciew- 
tifle Monthly } Feb. 1945, pp. 97-107) which reproduce 
typical scenes across the middle of California. Even 
though he was always occupied with some job in bi¬ 
ology, he was never too busy to mount, with rare skill, 
a bedraggled specimen brought in by a Boy Scout, or 
to welcome a shy little girl who wanted to see his pet 
kangaroo rats. 

Time and again I urged him to write the story of 
his 65 years as a student of nature. It would have 
made good reading—his 100-mile voyage down the 
Mississippi River in a birch-bark canoe (’95); his 
work as an undergraduate in Minnesota under the 
entomologist, Otto Lugger, at 10 cents an hour (’94- 
'98); his field trips, many of them with distinguished 
companions; the successful careers of his students; 
his collecting for the Museum at Oregon State Col¬ 
lege; his bird-collecting adventures in Alaska (’07 
and '08) and experiences in exhibiting the collection 
at the Alaska-Yukon-Paoiflo Exposition ('00); his 
long service as curator of the Connor Museum at 
Pullman, Washington; his work at the New York 
State Museum ('27), mountain climbing, and ranching 
in Saskatchewan. Well, he would say, he might write 
the story someday, but right now there was too much 
to be done that was more important. There was that 
long manuscript on the birds of Washington (by 
Walter P. Taylor, William T. Shaw, Stanley G. 


Jewett, and John W. Aldrich) to read over again, and 
his monograph on the Columbian ground squirrel must 
be completed. My insistence got me nowhere except 
to a surer realization that it was no use trying to in¬ 
fluence the plans of William Thomas Shaw. 

Nearly all ol 1 his life he had college loyalties: to 
the Ontario Agricultural College, whore his father, 
Professor Thomas Shaw, was a teacher of agricul¬ 
tural subjects; to three institutions where he earned 
degrees—the University of Minnesota (B.Agr. '98, 
B.S. '99), Michigan State College (M.S. '00), and 
Stanford University (Ph.D. ’26); and to Iowa State 
College, Oregon State College, the State College of 
Washington, the University of Redlands, and Fresno 
State College, where he taught. Hia teaching included 
zoology, ornithology, entomology, museum manage¬ 
ment, taxidermy, bacteriology, and botany. 

All who knew William T. Shaw admired his deter¬ 
mination. A slender, fairly tall man, he was forced to 
walk with a cane hecausc of a leg crippled by infantile 
paralysis when he was less than a year old. In spite 
of this handicap he climbed mountains, explored 
marshes and tide pools, and trapped along rugged 
streams, all with never a complaint. His halting gait 
was alow but persistent, and as often as not he was 
among the first in the party to reach the summit of 
a climb. 

Dr. Shaw’s boyhood in Woodburn and Guelph, On¬ 
tario, was spent in the same region where Ernest 
Thompson Seton lived during his early years as a 
farm boy. Seton, John Muir, John Burroughs, nnd 
Donald Culross Peattie were his favorite authors. At 
its best his own prose was of high quality. His last 
letter to me, written during the final summer in Sas¬ 
katchewan, contained the following paragraph; 

Last week It was reported that the Cree Indians were 
celebrating their Sun Dance, which takes place near here. 
On invitation I went over, little suspecting to come suddenly 
upon a very memorable sight. It was evening, and, as we 
came to the crest of a hill, beyond and below us was a sight 
to remember, In a great circle lay over a hundred and sixty 
tepees and tejpts, with a great ceremonial space within. To 
one side lay a distant coulee tinted with evening glow, nnd 
from the camps and tepees rose grey, vertical columns of 
smoke. To us there arose thq chant of the dancers and, what 
seemed best of all, the treble voices of children all over the 
huge circle. What a farewell to day I As dusk dosed In 
there came dl^antly the call of a lark Binging, 

Perez Simmons 

Fresno, California 
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Scientific Book Register 


Colb, Lewis Gregory. Lung dual lesions ( Fneumo- 
ooniosis) versus tuberculosis. White Plains, N. Y.: 
American Medical Films, 1948. Pp. xxii + 474, (Illus¬ 
trated.) $10.00. 

DeGowin, Elmer L., Hardin, Robert C., and Alheveh, 
John B. Blood transfusion. Philadelphia-Lon don : 
W. B. SaunderB, 1949. Pp. xii + 587. (Illustrated.) 
$9,00. 

DushmAN, BAul. Scientific foundations of vacuum tech¬ 
nique. New York: John Wiley; London: Chapman & 
Hall, 1949. Pp. xi + 882. (Illustrated.) $15.00. 

Pallet, Etienne. Die Flamingos der Camargue. Thun, 
Hwitzerland: Werner Krebser, 1949. Pp. 127. (Illus¬ 
trated.) 

Githenb, Thomas 8. Drug plants of Africa. (African 
Handbooks: 8, Committee on African Studies, Univer 
sity of Pennsylvania.) Philadelphia: Univ. Pennsyl¬ 
vania Press, 1949. Pp. vii + 125. $2.25. 

Hkllmayr, Charles E., and Conover, Boardman. Cata¬ 
logue of birds of the Americas and the adjacent 
islands in Field Museum of Natural History: Char- 
adriiformes, Pt. 1, No. 3. (Publ, 616.) Chicago: 
Field Museum, 1948. Pp. vi + 383. $4.00. 

Honeyman, John. An introduction to the chemistry of 
carbohydrates. Oxford, Engl.: Clarendon Press; New 
York: Oxford Univ. Press, 1949. Pp. 143. (Illus¬ 
trated.) $4.50. 


Kuipeh, Gerald P. (Ed.) The atmospheres of the earth 
and planets: papers presented at the Fiftieth Anni¬ 
versary Symposium of the Yerlces Observatory , Sep¬ 
tember, 1947 . Chicago: Univ. Chicago Press, 1940. 
Pp. vii+ 360. (Illustrated.) $7.50. 

Mitchell, John Jr., and Smith, Donald Milton. 
Aquamelry; application of the Karl Fischer reagent 
to quantitative analyses involving water. New York: 
Interscience, 1048. Pp. xi + 444. (Illustrated.) $8.00. 

Montgomery, D. J. X. Cosmic ray physics. Princeton, 
N. J.: Princeton Univ. Press, 1940. Pp. viii + 370. 
(Illustrated.) $5.00. 

Scholes, France V,, and Boys, Ralph L. The Maya 
Chontal Indians of Aoalan-Tixchel: a contribution to 
the history and ethnography of the Yucatan Peninsula. 
(Publ. 560.) Washington, D. C.: Carnegie Institution, 
1048. Pp.x-i-565. (Illustrated.) $3.50 paper; $4.75 

cloth. 

Hicher, Harry. Oral anatomy. St. Louis, Mo.: C. V. 
Mosby, 1040. Pp. 529. (Illustrated.) $15.00. 

Silver, Samuel. (Ed.) Microwave antenna theory and 
design. (Massachusetts Institute of Technology Radi¬ 
ation Laboratory Series.) New York: McGraw-Hill, 
1940. Pp. rviii + 623. (Illustrated.) $8.00. 

Woglom, William H. Discoverers for medicine. New 
Haven, Conn,: Yale Univ. Press, 1040. Pp. x + 229, 
(Illustrated.) $3.75. 


(Continued from page Si 8.) 

calibration exposures with the abscissa expressed in 
forms of the log of the fractional dosage. By frac¬ 
tional dosage is meant the ratio of the dosage rate in 
the calibration source to the bone dosage rate which 
would have existed had the bone been formed from 
the blood calcium at the instant of its highest specific 
activity. (It is assumed here that the maximum cal¬ 
cium concentration in bone is 36 percent by weight, 
the measured concentration in bone ash [4].) The 
blackening for each bone site labeled in Fig. 1 is in¬ 
dicated on the vertical scale of Fig. 2, from which it 
is seen that the maximum fractional dosage in the dog 
rib, corresponding to sites 2 and 3, is the antilog of 
2.20, or .018. 

The importance of this fact is its application to the 
possible use of radioactive Ca 4B as a tracer in human 
beings. If such an experiment Is to be carried on 
with reasonable convenience, this isotope will have to 
be present in the blood in a concentration of at least 
1 j*c/gm Ca. If bone were formed directly from such 
calcium, the dosage rate would be a forbidden 1.9 


reps/day (again assuming 36 percent maximum cal¬ 
cium concentration). However, if the same dilution 
existed in humans as in the particular dog rib studied, 
the maximum local dosage rate would be a permissible 
value of (.018) (1.9) = 0.034 reps/day. It is impor¬ 
tant to notice, however, that this maximum local 
dosage rate is approximately six times higher thau 
the average rate in the bone as a whole as determined 
by counter measurements on the digested rib. 

Further work is planned in the quantitative study 
of film characteristics for different types and energies 
of radiation, and in the development of calibration 
sources which can be cut simultaneously with soft 
tissue, using a microtome technique. 
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NEWS 
and Notes 

1940 Annual Meeting of the 
AAAS. The 116th Meeting of the 
American Association for the Advance¬ 
ment of Science will be held December 
26-31, 1949, in New York City. The 
Association has held only five meetings 
in this city—the last, 21 years ago. 
The other occasions in New York were 
in 1916, 1000, 1900, and 1887. The 
llfitb Meeting commemorated the As¬ 
sociation’s Centennial, September 13- 
17, 1948, in Washington, whereas the 
last meeting during the Christmas 
holidays—the period preferred by a 
large majority of the members—was 
held in 1947 in Chicago. 

All plans for 1949 are based on the 
assumption that this will be the largest 
gathering of representatives from the 
17 sections and subsections and 206 
affiliated and associated societies in 
the 101 years of the AAAS. It will 
undoubtedly be one of the most con¬ 
venient meetings from the standpoint 
of all concerned. The Statler Hotel 
(formerly the Pennsylvania) will be 
the headquarters for the Annual Sci¬ 
ence Exposition, Main Registration, 
Visible Directory, New Member Serv¬ 
ice, and Science Theatre. Its four 
close neighbors, the New Yorker, Mc- 
Alpin, Governor Clinton, and Marti¬ 
nique, have also pledged their public 
rooms for the convention period. 
Thus, related societies may be grouped 
together and it is probable that most 
of the papers will be read in rooms so 
close together that those who so desire 
can readily attend a variety of ses¬ 
sions. These Penn Zone hotels also 
have made commitments for 3,600 
sleeper rooms, many of them double, 
so that adequate accommodations are 
assured. The New York Convention 
Bureau will handle all room reserva¬ 
tions and hotels will send prompt con¬ 
firmations directly, j Science will an¬ 
nounce soon which societies are meeting 
with the Association, and the hotels at 
which their meetings will be held. 
Advance registration and hotel room 
reservation will begin In September. 


Frank A. Geldard, on leave of ab¬ 
sence from the University of Virginia, 
has been appointed research chief of 
the Human Resources Branch, Division 
of Research and Development, Depart¬ 
ment of the Air Force, Washington, 
D. C. 

Thomas Park, on leave of absence 
from the University of Chicago, has 
left for London, where he will be 
senior scientific officer of the American 
Embassy. 

David Rittenberg, associate profes¬ 
sor of biochemistry, College of Physi¬ 
cians and Burgeons, Columbia .Univer¬ 
sity, will deliver the seventh llarvey 
Lecture of the current series nt the 
New York Academy of Medicine on 
April 28. His topic will be * 1 Dynamic 
Aspects of the Metabolism of Amino 
Acids. 1 J 

E. D. Friedman, staff member of 
New York University since 1909, was 
guest of honor at the Alumni Dinner 
of the University College of Medicine 
hold recently. 

Stanley Wing Handford, Brown 
University, has been named senior 
physiologist at the Naval Medical 
Field Research Laboratory, Marine 
Barracks, Camp Lojeunc, North Caro¬ 
lina, April 1. 

Recently appointed members of the 
permanent U. S. Atomic Energy Com¬ 
mission’s Personnel Security Review 
Board are Charles Fahy, former Solic¬ 
itor General of the United States, who 
will serve as chairman; Arthur S. 
Flamming, president of Ohio Wes¬ 
leyan University; and Bruce D. 
Smith, director of the United Corpora¬ 
tion, New York City. The Board will 
review individual personnel security 
cases, and advise the commission on 
personnel security standards and pro¬ 
cedures. 

Henry M. Leicester, professor of 
biochemistry at the College of Physi¬ 
cians and Surgeons, San Francisco, has 
been named to succeed the late Tenney 
L. Davis, as editor-In-chief of Chymia : 
annual studies in the history of chem¬ 
istry . John Read, director of the 
Chemistry Research Laboratory, Uni¬ 
versity of St, Andrews, Scotland, is the 
new associate editor. 


C. C. Burlingame, consulting psy¬ 
chiatrist, recently visited India on u 
speaking tour by invitation of the 
Indian Psychiatric Society. While 
there he addressed the All-India Medi¬ 
cal Conference at Its silver jubilee 
meeting in Calcutta, and the annual 
meeting of the Indian Science Congress 
in Alla Habad. 

Irven Travis, former supervisor of 
research at University of Pennsyl¬ 
vania 's Moore School of Engineering, 
has been appointed director of research 
of the Burroughs Adding Machine 
Company. Dr. Travis will continue to 
be a member of the university faculty. 

Pablo Moralea-Otero, director of 
Puerto Rico’s School of Tropical Medi¬ 
cine, has been appointed to the medi¬ 
cal faculty of Columbia University, 

R. H. Wiswall, Jr., supervisor of 
research in physical chemistry for the 
Carbide and Carbon Chemical Corpora¬ 
tion ’s gaseous diffusion plant at Oak 
Ridge, has recently joined the staff of 
Brookhuven National Laboratory in 
the Department of Reactor Science and 
Engineering. 

Emanuel B. Schoenbach, Depart¬ 
ment of Preventive Medicine, Johns 
Hopkins University School of Medi¬ 
cine, will serve as visiting Common¬ 
wealth Professor of Medicine at the 
University of Louisville School of 
Medicine, April 17-23. He will pre¬ 
sent a series of discussions on ‘ 4 The 
Mechanism of Actions and Indications 
for the Newer Antibiotics, M “The 
Treatment of Rickettsial Infections,” 
and “Experimental Investigations on 
the Chemo-Therapy of Neoplasms. ’ 1 

Eugene Callaghan, Department of 
Geology, Indiana University, has been 
appointed director of the New Mexico 
Bureau of Mines and Mineral Re¬ 
sources Division of the New Mexico 
School of Mines, Socorro. He will 
take over his new duties in,September. 

Donald B. Keyes, vice president in 
charge. of planning and development 
of the Heyden Chemical Corporation, 
New York City, will be presented with 
the first Honor Scroll of the New York 
chapter of the American 1 Institute of 
Chemists, for his service and devotion 
to young chemists. He will receive 
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the award May 18, at a dinner meeting 
of the Institute. 

Visitors 

Miguel Catalan, professor of atomic 
physics at the University of Madrid, 
is guest lecturer at Wilson College this 
month. He is lecturing on physical 
problems and working with students in 
the department of physics on spec¬ 
troscopy and atomic physics, 

H. M- S, Coxeter, professor of 
mathematics of the University of 
Toronto, has been named visiting pro¬ 
fessor at Barnard College, Columbia 
University, for the Bpring seBBion. 

Grants and Awards 

The Research Corporation Scienti¬ 
fic Award was recently presented to 
Bruno Rossi, professor of physics at 
the Massachusetts Institute of Tech¬ 
nology, for distinguished research in 
the fields of cosmic radiation and 
properties of mesons, and for his work 
in nuclear fission. Dr. Rossi received 
a plaque and $2,500. 

The National Dairy Council, Chi¬ 
cago, has announced its 1949 research 
program, involving an expenditure of 
$75,000. Funds for the projects are 
provided cither by the American Dairy 
Association, Chicago, or the National 
Dairy Council. Grants for nutritional 
research in the use of dairy products 
have been made to; Michigan State 
College, University of Chicago, Uni¬ 
versity of Wisconsin, Iowa State Col¬ 
lege, Texas A. & M., University of 
Rochester, University of Illinois, Uni¬ 
versity of Minnesota, University of 
Nebraska, Harvard University, and 
University of Massachusetts, and the 
University of Michigan. 

The American Academy of Arts 
and Sciences has chosen Ira S. Bowen, 
director of the Mount Wilson and 
Palomar Observatories in California, 
ns recipient of the 1949 Count Rum- 
ford meda/s, for discoveries in the 
fields of heat and light, 

National Cancer Inatitute grants 
totaling $451,022 for cancer teaching 
and control have been announced by 
the Federal Security Agency. Nine 
control grants totaling $170,205 were 
approved. Three of these, amounting 
to $69,114, are new grants, to finance 


:i state environmental cancer study in 
Pennsylvania and two cancer diagnos¬ 
tic test projects, at the University of 
California and the University of Colo¬ 
rado. Two new teaching awards were 
made, one of $23,339 to Vanderbilt 
University School of Medicine and one 
of $5,000 to the University of Southern 
California School of Dentistry. 

The Royal Society of Edinburgh 

will award its David Anderson-Berry 
medal for 1950 to the person who, in 
the opinion of the Council, has recently 
produced the best work on the thera¬ 
peutical effect of X-raye on human 
diseases. About £100 goes with the 
award. Both published and unpub¬ 
lished works are acceptable aud should 
be accompanied by copies of relevant 
papers. Applications must be in the 
hands of the General Secretary, Royal 
Society of Edinburgh, 22 George 
Street, Edinburgh 2, Scotland, by 
March 31, 1950. 

William C. Rose, University of 
Illinois, has been selected to recieve 
the first Osborne and Mendel Award 
of the American Institute of Nutrition. 
Professor Rose was associated with 
the two founders of the award at Yale. 

The General Electric Company has 
awarded from its Educational Fund 
$18,460 in research fellowships to 15 
graduate students for advanced study 
in scientific and industrial fields dur¬ 
ing 1949. Seven of the students re¬ 
ceived the Charles A, Coffin Fellow¬ 
ships, for study in electricity, physics, 
and the physical sciences. Eight 
others were awarded the Gerard Swope 
Fellowships, for study in industrial 
management, engineering, and the 
physical sciences. The winners received 
up to $1,500, plus a grant for special 
equipment needed In their chosen field. 

Fellowships 

The University of Roche (ter hu 
established five three-year Bausch- 
Lomb scholarships to go to graduates 
of Puerto Rican high schools. Both 
boys and girls are eligible, and the 
scholarships amount to $1,500 each, to 
be used over the three-year period In 
study of the sciences. 

The Watson Scientific Computing 
Laboratory at Columbia University 
announces two $2,000 fellowships In 


applied mathematics during the nca- 
demic year 1946-1950, for study and 
research relating to Large scale calcu¬ 
lating operations. Application blanks 
may be obtained from the Office of 
Admissions, Columbia University, New 
York City, and must be returned before 
April IS. 

Lehigh University announces the 
following fellowships available for the 
Academic year 1949-1950: Two du Pont 
Company foliowships—one in mechani¬ 
cs I, One in metallurgical engineering 
($1,200 to $1,800) ; one Westinghouse 
fellowship in mechanical engineering 
($1,000) ,■ and ono George Gowen Hood 
fellowship in any field of work in 
which the University offers a doctorate 
($1,500). Application blanks may be 
had by writing Doan Wray II. Cong- 
don, Director of Admissions, Lehigh 
University, Bethlohom, Pennsylvania. 

Battelle Memorial Institute offers 
a limited number of predoctorul re¬ 
search fellowships and postdoctoral 
research associ&teships for the year 
1949-1950. The fellowships, open to 
men, U. S. citizens, seeking a doctor’s 
degree in a science or in engineering, 
are available for the final year of 
graduate study. Fellow's receive 
$1,200 a year, plus expenses. Pref¬ 
erence for associatoships will be given 
to men who hold the Ph.D. degree, and 
s tl pends wll 1 be d e term in od by th e 
associates J preparation, experience, 
and promise. Further information 
may be had by writing to the Institute, 
505 King Avenue, Columbus 1, Ohio. 

The New York Zoological Society 
announces a veterinary research fel¬ 
lowship of $500 for three months— 
June lS-Scptember 15, at the New 
York Zoological Park. The recipient 
must have a veterinary degree from an 
American Veterinary Medical Asso¬ 
ciation' approved college, and show 
special interest in such fields as zool¬ 
ogy, wildlife management, comparative 
anatomy, physiology, bacteriology, 
parisitology, and pathology. Appli¬ 
cations should be addressed to Leonard 
J. Goss, Veterinarian, New York 
Zoological Society, Zoological Park, 
New York City 60. 

Lehigh University has announced the 
establishment of a new International 
Nickel Company research fellowship 
for work in the fields of nickel, copper, 
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and the platinum metals. The first 
recipient of the $1,500 award will be 
named later this year and will start 
work in September in the University's 
department of metallurgy, 

Research fellowships in mathe¬ 
matics and mathematical physics for 

the summer of 1940 and the academic 
year 1949-1950 are offered to qualified 
graduate students by the Institute for 
Numerical Analysis of the National 
Bureau of Standards, located at the 
University of California, Los Angeles. 
The research work, to be done at the 
Institute, will be aimed at methods for 
advancing the application of high 
speed automatic digital computing 
machinery. Stipends are based on 
full-time annual salaries of $2,294 for 
master’s degroe candidates, and $3,727 
for doctoral candidates. Further in¬ 
formation and application forms may 
be obtained from the Chief, Institute 
far Numerical Analysis, 405 Hilgard 
Avenue, Uoa Angeles 24. 

Colleges and Universities 

The University of Illinois Chem¬ 
istry Department has been awarded 
$10,000 by the E. I. du Pont de 
Nemours Company for fundamental 
research. C. S. Vestling and B. R. 
Ray will be assigned $7,000 for re¬ 
search on the purification and charac¬ 
terization of the enzyme, rat livor 
lactase dehydrogenase. H. G. Dric- 
kamer will Teceive $3,000 for research 
on nuclei formation in the critical 
region between the gaseous and the 
liquid state. 

The Ohio State University De¬ 
velopment Fund has received a second 
gift of $1,000 from John W. Galbrcath, 
of Columbus, for research, particularly 
on cancer, in the University 's Depart¬ 
ment of Medicine. The study will be 
under the direction of Charles A, Doan, 
dean of the College of Medicine. 

The University of Illinois College 
of Agriculture 1 b investigating meth¬ 
ods of killing bacteria in milk or 
water by use of ultrasonic waves. The 
research is being carried on by Robert 
M. Whitney, professor of dairy tech¬ 
nology, and Lillian A. Bussell, Illinois 
State Water Survey chemist. No Te- 
portable results are expected for at 
least a year. 


Lehigh University Institute of Re¬ 
search, in cooperation with the David 
E. Kennedy Corporation of Brooklyn, 
New York, has obtained fundamental 
data supporting the performance of 
finned tubing as about eight times bet¬ 
ter than plain tubing in heat exchange 
applications. Darrel E. Mack is di¬ 
rector of the project. 

Construction will start on the Uni¬ 
versity of California’s new medical 
center during the spring of I960, 
when two major buildings—a medical 
science building and a 500-bed teach¬ 
ing hospital—go up on the site of the 
present medical center, in San Fran¬ 
cisco. A total of $21,000,000 is now 
earmarked for construction—$20,015,- 
000 of state funds, $1,000,000 from the 
U. S. Public Health Service, and 
$65,000 donated by Mr. and Mrs. 
Bertliold Guggenhime, 

Harvard University has created a 
new Division of Engineering Sciences 
within the Faculty of Arts and Sci¬ 
ences in order to help bridge the 
gap between pure science and the 
technology of engineering. The new 
division, under the chairmanship of 
Gordon M. Fair, present dean of the 
Graduate School of Engineering, will 
consist of two departments. The De¬ 
partment of Engineering Sciences and 
Applied Physics will offer graduate 
training in applied mathematics, ap¬ 
plied physics, and electrical and com¬ 
munication engineering, directed by 
Emory Loon Chaffee; and the Depart¬ 
ment of Engineering a graduate pro¬ 
gram in appliod mathematics, civil, 
electrical, and sanitary engineering, 
directed by Albert Haertleiu. 

Industrial Laboratories 

Albert D. Fisher, formerly technical 
director of Oxford Products, Inc., has 
been appointed head of the newly 
organised Midwest Chemical De¬ 
velopment Corporation, Cleveland 
Ohio, manufacturers of pharmaceutical 
products. I. Levis, former ,.faculty 
member of Case Institute of Tech¬ 
nology and Fenn College, will be vice 
president in charge of research and 
production. 

Schenley Laboratories, Inc., has 
announced that large scale production 
and marketing of strep bom yoin will 
soon begin at Its Lawrenceburg, Indi¬ 


ana plant. Schenley is also reducing 
prices 10 to 20 percent on three peni¬ 
cillin products. This is the third such 
reduction in a year affecting the pure 
crystalline penicillin and its com¬ 
pounds aquacillin and monocillin. The 
wholesale price is now less than one- 
eighth that of March 15, 1945. 

Smith, Kline St French Labora¬ 
tories, 100-year-old pharmaceutical 
manufacturing firm, opened a new 
$7,000,000 building at 15th and 
Spring Garden Streets, Philadelphia, 
on March 12. The new building and 
grounds occupy a full city block and 
the space given to scientific research 
has been increased five times over 
that provided by former quarters. To 
carry new therapeutic agents pro¬ 
gressively from chemical synthesis 
through animal testing, pharmacy, 
and bacteriology, the laboratories 
have been designed so that organic 
chemistry, pharmacology, research 
analytical and biochemistry labora¬ 
tories are grouped on tho fifth floor 
and pharmaceutical chemistry, bac¬ 
teriology, and physical chemistry on 
the fourth. 

Meetings and Elections 

Stanford University School of Medi¬ 
cine announces its 67th course of Pop¬ 
ular Medical Lectures to be held at 
Lane Ilall, San Francisco, April 6, 
April 20, and April 27 at 8;00 p.m. 
Subjects of the lectures are: 11 Cancor 
of the Uterus , 7 J “ Poliomyelitis: Means 
of SpToad and Control , tf and “The 
Prevention and Treatment of Blind¬ 
ness in Childhood . 1 * All interested 
are invited to attend. 

The Institute of Mathematical Sta¬ 
tistics will hold its 38th meeting at 
Columbia University April B-9. 11 Ap¬ 
plications of Multivariate Analysis' 1 
will be discussed by John Wishart, 
Cambridge University; Harold Hotel¬ 
ling, University of North Carolina; 
and S, N. Roy, Presidency College, 
Calcutta. 

The 16th International Geographi¬ 
cal Congress will meet in Lisbon 
April 8-15. Members of the official 
U. 8. delegation representing the Na¬ 
tional Research Council are: George 
B. Cressey, chairman;' Wallace W. 
Atwood, Jr., S. W. Boggs, Edwin J. 
Foscue, Otto E. Guthe, B. Van Valken- 
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burg, and John K. Wright. The Amer¬ 
ican delegation will present a number 
of proposals for new commissions, 
dealing with the International Map of 
the World, standardised spelling for 
place names, and the development of 
tropical areas. 

The Acoustical Society of America 
will hold its 20th anniversary meeting 
May 5-7, at the Statler Hotel in New 
York City. Among the invited speak¬ 
ers arc Philip M. Morse, Massachusetts 
Institute of Technology] Vern O. 
Knudsen, University of California at 
Los Angeles; and Harry F. Olson, 
RCA Laboratories. The research to be 
reported at the meeting will be 
grouped according to its function in 
relation to man, as follows: acoustics 
in comfort and safety, as a tool in 
physics, in the arts, and in communi¬ 
cation. Those wishing to attend may 
obtain further information from 
Harold Durris-Meyer, Stevens Insti¬ 
tute of Technology, Hoboken, New 
Jersey. 

The International Association for 
Dental Research’s New York Section 
will hold its May meeting at the New 
York University College of Dentistry 
on May 5. Members and guests wish¬ 
ing to present papers should communi¬ 
cate with the Secretary of the Associa¬ 
tion, 209 East 23rd Street, New York 
City 10. 

The Ohio Academy of Science will 
hold its GBth annual meeting at Deni¬ 
son University, Granville, Ohio April 
21-23. George B. Barbour, Univer¬ 
sity of Cincinnati, will give the presi¬ 
dential address on the topic, * * Ape or 
Man 1 The Recent Discoveries in 
South Africa. 11 

Dana Coman, scientific advisor to 
the War Department General Btaff, has 
been elected president of the Ameri¬ 
can Polar Society. Vice presidents 
elected were: Laurence M, Gonld, 
president of Carleton College; 
Thomas C. Poulter, director of Stan? 
ford Research Institute; and Finn 
Bonne, U.B.N.R., of Washington. All 
are polar expedition veterans, Rus¬ 
sell J. Walrath, New York Times, was 
re-elected treasurer, and August 
Howard, of New York, was again 
chosen secretary. 

The National Bureau of Standards 

will hold two symposia on the effective 


utilization of automatic digital com¬ 
puting machinery, both at the Bu¬ 
reau's Institute foT Numerical Analy¬ 
sis in Los Angeles: Symposium I: 

‘ * Construction and Applications of 
Conformal Maps," tentatively planned 
for June 24-25; Symposium II: 

* 1 Probability Methods in Numerical 
Analysis," tentatively planned for 
June 27-29, 

Deaths 

Vincente Ingladn On, 70, geo¬ 
physicist and chief of the Spanish 
Seismological Service, died January 9. 

Herbert H, King, 00, professor and 
head of the Chemistry Department, 
Kansas State College, from 1018 until 
his retirement in 1948, died in Man¬ 
hattan, Kansas on March 11. 

Samuel F. Hildebrand, 65, ichthy¬ 
ologist, died suddenly on March 16 in 
Washington, D. C. Dr. Hildebrand 
had served as director of the U. S. 
Fisheries Laboratory in Beaufort, 
North Carolina, as an ichthyologist for 
the Department of the Interior, and 
more recently as a staff member of 
the Smithsonian Institution. 

George Burr Richardson, 70, senior 
geologist of the U. S. Geological Sur¬ 
vey from 1900 until his retirement in 
1942, died March 18 in Washington, 
D. C. 

Cleveland NorcroflB, 37, general 
manager of the American Institute of 
Physics, died March 21 in New York 
City after nn emergency operation for 
a^brain tumor. 

Harvey C. Rentschler, 07, visiting 
professor of engineering at Princeton 
University and retired research direc¬ 
tor of the Weatinghousc lamp division, 
died in East Orange, New Jersey on 
March 23. 


The first Military Government 
German Industrial Exhibition will be 
held at the Museum of Science and 
Industry, Rockefeller Center, New 
York City, April 9-24 under the 
auspices of the U, S., British, and 
French Military Governments. Aimed 
at re-introducing the peacetime prod¬ 
ucts of western Germany to American 
purchasers, the Fair will have over 500 
exhibits displaying a variety of Im¬ 
ports, including X-ray equipment, tex¬ 


tiles, precision instruments, photo¬ 
graphic apparatus, pharmaceuticals, 
electrotechnical and optical products, 
and dental apparatus. The public is 
invited to attend the Fair any da} 1 
from 1 p.m. to 10 p.m. Between 10 
a.m. and 1 p.m. Monday through Fri¬ 
day, the exhibit is open to buyers ex¬ 
clusively. 

The Army Medical Service Corps 

has a number of vacancies in the 
grades of 2nd and 1st lieutenants in 
the following specialties: bacteriology, 
biochemistry, parasitology, serology, 
entomology, nutrition, toxicology, in¬ 
dustrial hygiene, optometry, psychi¬ 
atric social work, clinical psychology, 
and sanitary engineering, under the 
provisions of the Department of Army 
Circular 210, dated July 14, 194B. 
Further information may be obtained 
from the National Military Establish¬ 
ment, Department of the Army, Office 
of the Surgeon General, Technical Of¬ 
fice, Washington 25, D. C. 

The Unified Screw Thread system 

agreed upon by Great Britain, Can 
ada, and the IT. B. by the Declaration 
of Accord signed last November in 
Washington, has recently been given 
final approval by the American 
Standards Association. A detailed 
analysis of the new system has been 
made, presenting in tables, diagrams, 
and formulas the dimensions of the 
unified threads, and also those 
threads which at present are stand¬ 
ard in the U. S. alone. This analysis 
Bl. 1-1949 "Unified and. American 
Screw Threads for Bolts, Nuts, and 
Other Threaded Parts" may be had 
by writing the American Standards 
Association, Inc., 70 E. 45th 6t., New 
York City 17. 

Make Plans for— 

American Association of Physical 
Anthropologists, April 11-13, Wistar 
Institute, Philadelphia, Pennsylvania, 

1949 Conference of Corrosion En¬ 
gineers, April^l-14, Cincinnati, Ohio. 

6th Western M^SMBooftess and 
Western Metal Expositive 
11-15, Shrine Convention Hall, ~ mk 
Angeles, 

V,' - ■. -■ 

Electrochemical Society, April 18- 
10, Philadelphia, Pennsylvania. 
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The Neutron Pile as a Tool in Quantitative Analysis; 
The Gallium and Palladium Content of 
Iron Meteorites > 

Harrison Brown and Edward Goldberg 1 

Institute for Nuclear Studies , University of Chicago, and 
Argonne National Laboratory, Chicago 


T HE SCIENCE OF METEORITICS has come 
to be looked upon in recent years as a science 
of increasing importance, largely because of its 
recognized bearing upon astrophysical problems. In 
particular, it now appears likely that an intensive 
study of the distribution of elements in meteorites 
will enable one to draw important conclusions con¬ 
cerning the structure of planets, the origin of our 
solar system, and the relative “cosmic” abundances 
of the chemical elements ( 1, 2). 

Unfortunately, with the exception of a very few 
common elements such as oxygen, silicon, magnesium, 
iron, nickel, and calcium, elements are found in 
meteorites in quantities of only a few parts per mil¬ 
lion (3, 4). Assaying the concentration of these rarer 
constituents of meteorites with an accuracy of 10% 
or better, as we often wish to do, presents grave ana¬ 
lytical problems. V. M. Goldschmidt (4), Hevesy 
(G), and the Noddacks (11), who did much of the 
excellent earlier work on assaying the rarer con¬ 
stituents of meteorites, used at one time or another 
straightforward quantitative chemical methods, X-ray 
spectroscopy, and chemical spectroscopy. While their 
work has been very useful, the difficulties inherent in 
such analytical work gave rise to errors which appear 
in many cases to be greater than factors of two, and 
in some cases as great as a factor of ten. 

If marked progress is to be made in the application 
of meteorites to cosmological problems, it seems clear 
that analytical techniques are needed which will 
satisfy the following* criteria: (1) Thq method must 
permit an accuracy of 10% or better in determining 
the concentration of a given element present in the 

1 Tbe authors wish to thank Professor Lincoln La Pas, or 
the Institute of Meteorltlcs, University of New Mexico, for 
many of the samples used In this study. We are also In¬ 
debted to Dr. 8. Roy, of the Chicago Natural History Mu¬ 
seum, who supplied us with several specimens, to Mr. H. H. 
Nlnloger, of thB American Meteorite Museum, who made 
available a number of specimens, and to Professor Cyril 
Smith, of the University of Chicago, who supplied us with 
n specimen of the Carleton meteorite. Mr. Richard Des- 
champs helped with much of the counting and with certain 
phases of the experimental work. 


concentration range of 0.01 ppm to 500 ppm; (2) 
there must be no interferences from other chemical 
elements; (3) there must be no danger of contami¬ 
nation during the analysis; (4) the method must be 
reasonably rapid. A survey of various possible ana¬ 
lytical approaches to the problem Jed the authors to 
the conclusion that a radiochemical technique offered 
the moat promise. 

The General Method. The concept of utilizing 
neutron activation as an analytical tool is by no 
means new. As early OvS 1936 Hevesy and Levi (7) 
applied the neutron activation method of analysis to 
the rare earth elements. They were able to find the 
2J-hr dysprosium period in a sample of yttrium, after 
activation with neutrons, and thus demonstrated the 
presence of dysprosium impurity to an extent of 1%. 
Using the same method, Hevesy and Levi were also 
able to detect small amounts of europium in gado¬ 
linium samples (0). Since that time, modifications 
of the method have been used for semiquantitative 
studies of elements possessing relatively high neutron 
activation cross sections. 

Most elements when irradiated by slow neutrons 
give rise to radioactive species of the same atomic 
number. The specific activity produced in a given 
element by neutron irradiation depends upon the 
neutron capture cross section of the isotope giving 
rise to the activity when it captures a neutron, the 
abundance of the isotope, the nentron flux, the half- 
life of the radioactive species, and the length of the 
irradiation: o = N<sf(l - e~ xt ) where a = activity (dis¬ 
integrations /seo), N = number of atoms of the nuclear 
species giving rise to the activity, a = neutron capture 
cross section of species per atom (cm 1 ), f- neutron 
flux (neutrons/om E /seti), k = decay constant of radio¬ 
active product, t ~ length of irradiation. 

With the advent of the neutron pile, neutron fluxes 
capable of producing very high specific activities have 
become available. For example, the flux of the order 
of IQ 12 neutrons/cm 2 /sec available in the heavy water 
pile at the Argonne National Laboratory is capable 
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of producing, in many elements, specific activities of 
the order of magnitude of 100,000-1,000,000 disin¬ 
tegrations /min/Mg of element. Such specific activi¬ 
ties make it possible to carry out the following gen¬ 
eral procedure: (1) A portion of the substance to 
be analyzed is irradiated in the pile, together with 
a standard consisting of a known weight of the ele¬ 
ment being determined; (2) the unknown is dissolved 
and a known weight of the element being determined 
is added to the solution; (3) the element added is 
chemically processed in order to free it from the 
activities associated with other elements present in 
the unknown; (4) the chemical yield of the procedure 
is determined; (5) the activity of the element in the 

TABLE l 

Sensitivity op Pile analytical Method 
fob Certain Elements 

(Anrnnne Heavy Water Pile, 7-hr taouilmrUment 
Ht hlffheflt flux) 


Elemnn 

Sensitivity 

(ms) 

Element 

Sensitivity 

(MS) 

Na 

0.01 

Cu 

0.004 

81 

O.B 

Gh 

0.01 

P 

0.4 

G* 

2.0 

8 

700.0 

As 

0.005 

K 

0.1 

Rb 

1.0 

Cii 

100.0 

Sr 

300,0 

8c 

. 0.3 

Y 

0.05 

Ti 

400.0 

Zr 

2.0 

Cr 

1.0 

Mo 

0.7 

Mn 

0.008 

Pd 

O.OOfl 


700.0 

A* 

fl.O 

XI 

0.1 

I\v 

0.00001 

unknown is compared with that of the 

standard; and 


(6) the purity of each activity is checked by measure¬ 
ments of half-lives and absorption spectra. 

Table 1 gives examples of the estimated sensitivity 
of the neutron irradiation method for various elements 
in the Argonne heavy water pile. The* term “sensi¬ 
tivity” is used here in a sense differing somewhat from 
its usual connotation in connection with analytical 
methods. In this paper the term is used to indicate 
the smallest quantity of an element that will give rise 
to an activity sufficiently intense to permit the meas¬ 
urement of half-life and absorption after the element 
has been exposed to the central pile flux for a period 
of 7 hr. Thus “sensitivity” here denotes the smallest 
quantity of an element that can be measured with a 
precision better than 10%, utilizing the central flux 
of the Argonne Pile for a time not unduly long. 

It can be Been that the sensitivities obtainable are 
in general quite satisfactory, and in some cases are 
remarkable. The cases of manganese, copper, arsenic, 
palladium, and dysprosium, shown in Table 1, are 
particularly noteworthy. If one assumes that a half- 
life of 30 min represents the shortest life-time prac¬ 


ticable for analytical determination, then the method is 
applicable to about 60 of the 75 stable elements exist¬ 
ing in nature (excluding the rare gases). The method 
either cannot be applied or can be applied only with 
difficulty to hydrogen, lithium, beryllium, boron, car¬ 
bon, nitrogen, oxygen, fluorine, magnesium, aluminum, 
vanadium, cobalt, columbium, and rhodium. In gen¬ 
eral, the pile method of analysis is more sensitive for 
elements of odd atomic number than for elements of 
even atomic number, because nuclear species of odd 
mass number have larger activution cross sections and 
nuclear species giving rise to the activities in the even 
elements have generally low abundance. 

Thus far the pile analysis method has been devel¬ 
oped and tested for the elements gallium and pal¬ 
ladium. The method has been applied extensively to 
the problem of analyzing iron meteorites for these 
elements. Gallium iB present in iron meteorites to an 
extent of 10 to 100 ppm; palladium is present to an 
extent of 1 to 5 ppm. 

The Method Applied to Gallium. Gallium is pres¬ 
ent in sufficient quantity in meteorites, and the activa¬ 
tion cross section is sufficiently large, to permit the 
use of the more modest neutron fluxes obtainable some 
distance from the center of the Argonne pile. 

Gallium has two stable isotopes (JO), Go l,u (60.2%) 
and Ga' 1 (39.8%). The more abundant isotope cap¬ 
tures a neutron to form 20-min Ga 70 ; the less abun¬ 
dant isotope captures a neutron to form 14.1-hr Gn™: 

Gb«" + n -» 20nl > Ga T0 + P~ 

Gh 71 + n -» Ga 7a 141 ^ On™ + fl- 

The radiation characteristics of the radioactive 
products are described elsewhere (13). 

The sumples were transported to a position near the 
reactor tank of the pile and out again by means of an 
electronically controlled pneumatic tube device known 
as a “rabbit,” which has been described elsewhere (9, 
15). Samples ranging in weight between 0.3 and 0.5 
g were cut from portions of meteorites free from dis¬ 
cernible inclusions of troilitc, silicate, or schreibersite. 
The samples were washed with 6 N hydrochloric acid, 
distilled water, and alcohol to remove Surface im¬ 
purities. The samples were then placed in individual 
small plastic containers in the rabbit and irradiated 
for approximately 30 min. Standard samples of gal¬ 
lium 6-hydroxyquinolate were irradiated simultane¬ 
ously. After removal from the pile, the samples were 
allowed to cool until the 20-min gallium activity had 
decayed. The unknowns and the standards were then 
chemically treated. In the case of the unknowns, the 
chemical procedure was designed to make use of the 
fact that gallium is ether-extractable, as the chloride 
(5), is amphoteric, and can be precipitated as the 6- 
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hydroxyquinolate. The combination of these chemical 
properties permits development of a procedure which 
successfully frees the gallium activity from other in¬ 
terfering activities. 

TABLE 2 


Sr m m ah v op Hkhui.tn on Can von Imahi.o 


linn no. 

Gallium content 

tppm) 

A 

Deviation from 

menu 

0 

77 4 

0.0 

7 

70.1) 

1.0 

in 

70.2 

1.2 

12 

74.0 

2.8 

in 

84.2 

fl.N 

u 

78.0 

0.0 

17 

70.0 

7.4 

IN 

70.2 

1.2 

10 

70.2 

1.8 

20 

H2.0 

4.0 

21 

80.4 

3.0 

140 

70. H 

0.0 

152 

75.2 


Average: 77.4 

1 V ^- 

Stnndnrd ilc v hi L inn a »/ _ ^3.4 

\ n 1 

(4.4 % 1 

I'rcctuion ^ * + 0.0 

Vn 

Flnnl remit for 13 nniN : 77.4 + 0.0 ppm 

TABLE 3 

Sum maiiy or Hnsui/rs on Uknhi ky 

llun no. 

Gallium content 

A 

Deviation frnin 

42 

( ppni 1 

13.2 

menu 

1.6 

43 

15.1 

1.7 

44 

15.0 

0.0 

51 

JN 4 

1.0 

52 

17.H 

1.0 

53 

17.0 

1.1 

59 

10.7 

0.1 

01 

15.2 

1.0 

02 

15.0 

0.8 

108 

18.2 

1.4 

159 

1 8.2 

1.4 

Average : 10. B __ 

Standard devial Ion a ■* \/^t~ - 1.3 
\n - 1 

'(8.0%) 

Precision = - + 0.4 

Vn 

Flnnl renult for 11 riinu : 10.8 + 0,4 ppm 


Chemical Procedure for Gallium in Iron Meteorites : 
I) Dissolve sample in hot concentrated hydrochloric 
acid in 50-ml beaker. Add 4 to 5 mg of Ga +a carrier. 
Decant solution from any insoluble residue present 
(seldom more than 0.1% by weight). 2) Make solu¬ 
tion 5.5 to 0.5 M in hydrochloric acid. Extract gal¬ 
lium with on equal amount of ether saturated with 
hydrochloric acid. Extract gallium from ether phase 
with water. 3) Repeat step 2. Boil ether from 


water phase. 

4) Add sodium hydroxide until solution 

possesses a 

hydroxide concentration of 1 to 2 M, pre- 

cipitating 

all 

ferric ion present. 

This precipitate 

brings down 

with it residual interfering activities. 



TABLE 4 



Nhimahv or Kksim.th on 

Odenha 

Him no. 


Gallium content 
(ppm) 

A 

Deviation from 



mean 

24 


07.8 

1.5 

25 


00.0 

3.3 

40 


OH.2 

l.l 

48 


72.0 

3,3 

40 


72.4 

3.1 

50 


07.B 

1.5 

58 


03.8 

5.5 

05 


72.0 

3.3 

tits 


71.0 

1.7 

ioa 


70.4 

1.1 



Average : 00.3 


I VAl 

Mhindnrd deviation a - —— 

>n-l 

= 3.0 (4.3%) 

preelnlon * — ■ = + OJJ 




V n 


Final 

renult fur 10 tuhn : 00.3 i 0.0 ppm 




TABLE 

5 


Sl'MMAHY OF RKHULTS 

on XigriPii.cn 


Run no. 

Gallium content D( , vlatl l from 

(p P m > mean 


20 

50.2 

1.0 


27 

51.4 

3,8 


28 

50.3 

4.1 


32 

53.0 

2.2 


83 

54.0 

0,0 


84 

54.H 

0.4 


35 

53.0 

2.2 


86 

54.2 

1.0 


87 

51.0 

3.0 


140 

05.0 

9.8 


155 

54.5 

0.7 



Average : 55.2 



Standard deviation a = 

(7.1%) 

11 — 1 . 


Precision = = +1.2 

Vn 



Final 

result for 11 runn : 55,2 + 1.2 ppm 


Add one drop of aerosol, centrifuge, and discard the 
precipitate. Acidify the solution to a pH of 1.0 and 
heat to 60-70° C. 5) Add 5 ml of a 1% dilute acetic 
acid solution of B-hydroxyquinoline. Add dropwise 
3M ammonium acetate until the precipitation of yel¬ 
low gallium 8-hydroxyquinolate is complete, fl) Filter 
and wash the precipitate with hot water, then ether. 
Determine the weight of the sample after heating at 
110° C for 15 min, The sample is now ready to be 
counted. 

Treatment of Gallium Standard . Samples contain- 
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Fig. 1. Typical Gallium decay curves. o Iron meteorite. x Standard. 


mg approximately 10 mg of gallium 8-hydroxy quino- 
late were irradiated in containers identical with those 
used for samples of meteorites. The standards were 
dissolved in hot concentrated hydrochloric acid and 
diluted to 50 ml such that a 0.5-inl aliquot precipitated 
with gallium carrier as in the procedure above gave a 
dilution factor of 100 und the resulting precipitate 
had approximately the same counting rate as the gal¬ 
lium precipitate in the meteorite procedure, 

Results. Extensive rflns were made on four mete¬ 
orites in order to ascertain the precision*of the method. 
The results are shown in Tables 2, 3, 4, and 5. It will 
be noted that the standard deviation varies from 4.3% 
in the case of Odessa, where the gallium content is 09.3 
ppm, to 8.0% in the ease of Henbury, where the gal¬ 
lium content is 16.8 ppm. Such a drift of standard 
deviation with gallium content is to be expected under 
the conditions used, as all runs were made under 
nearly identical conditions of flux and irradiation 
time. Under such circumstances the counting rates 
for samples with low gallium content are lower than 
those with high gallium content. A marked increase 
of flux, irradiation time, or counting time would lower 
the standard deviation. 

Figs. 1 and 2 show typical decay curves Hnd alumi¬ 
num absorption curves of standards and unknowns 
normalized to each other. Such data show that only 
gallium is being counted. 


The results on Canyon Diablo, Henbury, Odessa, 
and Xiquipilco serve to show that the statistical errors 
involved in such a method of analysis are not pro¬ 
hibitively large. Runs were made on different days, 



Mg/cm 1 of aluminum 
Fia. 2. Typical gallium absorption curves. 
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under varying conditions of neutron flux, location of 
samples in the rabbit, and irradiation time, and no 
constant drift of the results could be detected. How¬ 
ever, if gallium in the form of room dust were being 
measured in addition to meteoritic gallium, a constant 
error would result. Consequently a number of sub- 

table o 

UALLIUM CONTENT OK VARIOUS IRON METEORITES 


Name 

Numher 
of runs 

Average 
gallium content 
(ppm) 

Arispe 

8 

04.1 

Canyon Diablo 

is 

77.4 

Canyon Diablo #2 

s 

85.0 

Carle ton 

3 

11.2 

Deport 

B 

01.4 

Henbury 

11 

10.6 

Mount Joy 

4 

47.8 

Odessa 

10 

09. fl 

Bandla Mountains 

6 

83.2 

Spearman 

6 

21.4 

Tlaxcala 

2 

20.B 

Xlqulpllco 

11 

DS.2 

Institute of Meteorltlcs #2 

a 

21.1 

. #6 

3 

00.8 


stances were analyzed in order to ascertain whether or 
not the natural gallium contamination level was intro¬ 
ducing errors. A sample of electrolytic iron, in 
which gallium could not be detected spectroscopically, 
was analyzed and found to contain 0.0B ppm of gal- 
linm. A sample 6f commercial aluminum was ana¬ 
lyzed and found to contain less than 0.01 ppm of 
gallium. On the basis of these results, it seems safe 
to assume that no appreciable constant error due to 
gallium contamination was introduced in the measure¬ 
ments. The errors contributing to the standard devia¬ 
tion represent the sum of three effects; counting 
errors, actual deviations in gallium content from 


sample to sample (within a given 

meteorite), and 

actual errors involved in the chemical procedure. 

A total of 14 iron meteorites were analyzed for gal- 

limn content. 

The results of the analyses are given 

in Table 6. 

TABLE 8 


Summary 

of Palladium Results 

ON Henbuby 

Run no. 

Palladium content 

A 

Deviation from 

(ppm) 

mean 

11 

2.29 

0.27 

12 

1.77 

0.25 

99 

1.71 

0.81 

100 

1.06 

0.0Q 

101 

1.88 

0.14 

102 

1.81 

0.21 

107 

2.31 

0.20 

108 

2.14 

0.12 

100 

2.18 

0.10 

110 

2.16 

0.14 


Average : 2.02 


ly A* 

Standard deviation a * a/--=0.22 (10.0%) 

III - 1 

Precision = = + 0.07 



Vn 


Final result for 10 tuiih : 2.02 ± 0.07 ppm 


The Method Applied to Palladium. Palladium ex¬ 
ists in iron meteorites to an extent of about 1 to 5 
ppm. Activities obtainable in the rabbit were too low 
to permit the accumulation of precise enough data, 
and so all runs were made in the center of the pile, 
using irradiation times of approximately 1 hr. The 
element yields two prominent activities upon irradi¬ 
ation with slow neutrons, one of half-life 13 hr pro¬ 
duced from Pd 108 and one of half-life 26 min pro¬ 
duced from Pd 110 . The two isotopes giving rise to the 
activities have abundances of 26.8% and 13.5% re- 


TABLH 7 

Summary of Palladium Results on Canyon Diablo 


TABLE 9 

Summary of Palladium Results on Odessa 


- 0.4T (11.0%) 

in -X 


Standard deviation <r » 

Precision = —^ - ± 0.18 
vn 

Final result for 10 runs; 8.08 ±0.18 


Run no. 

Palladium content 
(ppm) 

A 

Deviation from 
mean 

Run no. 

FHlladlum conleur 
(ppm) 

A 

Deviation from 
mean 

0 

8.03 

0.05 

08 

4.10 

0,01 

10 

3.88 

0.13 

B0 

4.01 

0.14 

82 

i 8.88 

0.13 

07 

3.62 

0,08 

88 

B.64 

0.84 

103 

4.00 

0.00 

04 

4.21 ' 

0.23 

104 

3.04 

0.40 

78 

4.70 ‘ 

0.S1 

111 

4.12 

0.03 

78 

4.80 

0.32 

112 

4.00 

0.09 

77 

8.01 

0.07 

113 

4.22 

0.07 

78 

8.01 

0.07 

114 

5.04 

0.80 

08 

4.B8 

0.87 

115 

4.04 

0.49 


Average : 3.98 



Average: 4.18 _ 



Standard deviation a = 

Precision - ■ ± 0.14 

Vn 

Final result for 10 runs: 4.18 ± 0.14 
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spectively (13). The radiation characteristics of the 
two activities are discussed elsewhere (13). 

TABLE 10 

Summaiiy of Palladium Kkhulth on SiQririi.ro 


Run no. 

Palladium content 
(ppm) 

a 

Deviation 1 
mean 

30 

4.51! 

0.2ft 

37 

4.18 

ft. GO 

am 

4.14 

0.38 

40 

5.37 

0.35 

B0 

4.50 

0.13 

SI 

4.74 

0.02 

86 

5.21 

0.40 

87 

4.85 

0.13 

88 

4.87 

0.15 

80 

4.73 

Average : 4.72 

0.01 

.Standard 

1 . H (!* 

deviation a = V--- 

\ n - 1 

0.31 (0.0%) 


Prerialon *= = ± 0.10 

Vn 

Flnnl result for 10 mnn : 4,72+0.10 


Samples of iron meteorite each weighing approxi¬ 
mately 0.3-0.5 g were irradiated in soft glass vials, to¬ 
gether with a standard of palladium dimethyl gly- 
oxime. After irradiation the samples were permitted 
to cool until the 26-min activity had died away, The 
samples were then chemically processed. The chem¬ 
ical procedure used for the isolation of the palladium 
activity was a modification of a procedure developed 
by Seiler (14). Use was made of the fact that pal¬ 


ladium can be precipitated as the dimethyl gly oxime, 
and that it also forms a complex in excess ammonium 
hydroxide. 


TABLE 11 


Palladium Contknt of 

Various 

Iron Meikorttkn 

Name 

Number 
of runs 

A veriiga 

palladium content 
(Ppm) 

AtIhik* 

4 

2.00 

Canyon Diablo 

10 

3. OS 

Canyon Diablo #2 

3 

5,30 

Cnrletou 

4 

0.52 

Deport 

B 

4,45 

Hen bury 

10 

2.02 

Institute of MefeorltlcH #2 

3 

2.82 

. #« 

5 

4.40 

Mount Joy 

3 

3.31) 

OdeHHii 

1ft 

4.15 

Sandla MountalnH 

3 

2.24 

Spearman 

3 

3.07 

Tlaxenla 

4 

2.20 

Willow Creek 

3 

3.7ft 

Xlqulpllco 

in 

4.72 


Chemical Procedure for Palladium in Iron 1Mete¬ 
orites: J) Dissolve the sample of irradiated meteorite 
in hot concentrated hydrochloric acid in a 50-rnl 
centrifuge tube covered with a watch glass. Add 10 
tng of Pd +2 carrier, Keep tube in ice bath in order 
to inhibit oxidation of Fe +2 . (Palladium dimethyl 
glyoximc will not precipitate easily in the presence 
of Fo +s .) 2) Add ammonium hydroxide until solution 
is 0.4 M in acid. Add 3-5 ml of 1% dimethyl gly- 
oxime solution. Allow solution to stand 40 min. 



29 JULY I04B 30 JULY 1946 31 JULY 1946 

Fio. 3. Typical palladium decay curves « Inm meteorite. x Standard, 
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Mg/em a aluminum 

Fiu. 4, Typical palladium absorption curves. 
□Iron meteorite. + BtuiidurU. 


Centrifuge. 3) Dissolve precipitate in 1 ml of hot 
concentrated nitric acid. Cool and dilute with 10 ml 
of water. Add 5 mg of Fe +3 carrier. Add excess 
ammonium hydroxide to precipitate iron. (This step 
removes a number of extraneous activities.) Add 10 
mg of Ag + carrier and enough iodide to precipitate 
till silver. (This step removes any silver activity 
present,) 4) Centrifuge and discard the precipitnte. 
5) Repeat steps 3 and 4. 0) Adjust acidity to 0.4 M. 

Centrifuge solution to remove any silver chloride 
precipitate formed. 7) Add 3-5 ml of 1% dimethyl 
glyoxiine solution and allow solution to Btand 40 min. 
Filter, 8) Wash the precipitate with first hot and 
then cold wuter and ethyl alcohol. Determine the 
weight of the sample after heiriiqg at 110° C for 10 
rain, The sample is now ready to count. 


Treatment of Palladium Standard . Samples con¬ 
taining approximately 10 mg euch of palladium di¬ 
methyl glyoxiine were irradiated in containers identi¬ 
cal with those used for meteorite samples. Each 
standard was then dissolved in hot concentrated nitric 
acid and diluted to 500 ml such that a 0.5-ml aliquot, 
when precipitated with the standard carrier aliquot, 
gave u dilution factor of 1 part per 1,000 and ap¬ 
proximately the same counting rate as the palladium 
from the meteorite. 

Results. In order to estimate the reproducibility 
and precision of the palladium procedure, as in the 
case of gallium, h number of runs were made on four 
meteorites. The results are shown in Tables 7, 8, 9, 
and 10. It will be noted that the standard deviations 
obtained arc quite satisfactory. Table 11 gives the 
palladium contents of 15 iron meteorites. Figs. 3 
and 4 show typical palladium decay curves and alu¬ 
minum absorption curves. 

Thus, the neutron pile as a tool in quantitative 
analysis is quite generally applicable and is particu¬ 
larly useful in analyzing unknowns for minor con¬ 
stituents. In applying the method to the problem of 
analyzing for minute concentrations of gallium and 
palladium in iron meteorites we found that the pro¬ 
cedures gave consistent results, with low standard 
deviations from the mean. The procedures htp not 
complicated, are free from interferences from other 
elements, and are also free from the dnnger of con¬ 
tamination during the course of the ana lysis. 


Adapted from a paper presented at the Symposium, oh 
Nuclear Reaction! held by the Division of Physical and 
Inorganic Chemistry of the American Chemical Society at 
Portland, Oregon on September 16, 1948. Submitted for 
declassification on August 16, 1948. Taken in part from 
a doctoral thesis to be submitted by Edward Goldberg to 
the faculty of the University of Chicago in partial ful¬ 
fillment of requirements for the degree of doctor of 
philosophy. 
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Seven Decades of Nutrition Research 

C A. Elvehjem 

Department of Biochemistry f University of Wisconsin f Madison 


HE HUNDRED YEARS since the founding 
of the American Association for the Advance¬ 
ment of Science have been one of the most 
interesting half-centuTiea in the history of the world. 
In most fields of science the advances made during this 
period far overshadow the developments in any previ¬ 
ous century. However, it is always valuable to review 
the early foundations upon which our modem science 
is built. Even in the field of nutrition, which is con¬ 
sidered a 20th century development, we find many 
phases of it deeply rooted in the science of previous 
centuries. 

There is no specific reason for starting my survey 
about 1880, although I was probably influenced by the 
statement in Richard 0. Cumining’s book, The Amer¬ 
ican and his food, namely, “Few Americans thought 
about the chemical composition of foods before the 
last quarter of the Nineteenth Century. The diet re¬ 
formers of the thirties had stressed the advantages of 
eating food in a condition approximating its natural 
state, but they were not analysts and had had little 
scientific data to substantiate their claims, Their 
teachings were largely forgotten by the eighties, 
though the word 'Graham’ was still used to designate 
unbolted wheat flour.” 

Before proceeding to the laboratory developments 
of nutrition, I want to mention other factors which 
had much to do “with the improved quality of food 
for the American people. For example, the avail¬ 
ability of fresh foods, especially rnilk and meat, in 
cities, greatly increased"upon construction of our rail¬ 
roads. Although the work of KocH and Pasteur, 
which indicated that every disease must have a posi¬ 
tive causative agent, tended to retard the recognition 
of positive nutritional factors, the safeguarding of 
fresh foods from bacterial contamination, which became 
possible as a result of the early work in bacteriology, 
did much to improve nutrition in this country. Im¬ 
proved agricultural production also meant more food, 
hut misguided attempts to purify our food products 
tended to overcome many of the advantages of in¬ 
creased production. The wheat bran and the meat 
scraps made better pigs and chickens, but the refined 
flour and the diversion of liver into animal feeds made 
poorer human beings. 

Organized investigations in nutrition originated 
largely on the European continent and most of the 
work was closely allied with physiology. Voit at 


Munich initiated studies on the value of proteins bnt 
soon turned his attention to energy requirements. 
These studies were continued by Rubner in Berlin, 
In this country during the decade 1880-1890 Armsby, 
who had*studied in Germany, carried on experimental 
work in animal nutrition and calorimetry at Yale, 
Wisconsin, and Pennsylvania. During the same period 
Chittenden started at Yale hiB work on digestion and 
metabolism, which continued until his retirement in 
1922. In 1887, when the American Physiological 
Society was created, Chittenden was the only member 
who had a true interest in nutrition. Thus the con¬ 
tributions during the firBt decade were meager, but we 
must not overlook the fact that many of the Agricul¬ 
tural Experiment Stations were organized during this 
decade after the Hatch Act of 1887 and that much 
valuable nutritional work has come from these sta¬ 
tions. When Babcock came to Wisconsin in 1887 he 
was convinced that other nutrients in foods besides 
carbohydrates, fats, proteins, and minerals were im¬ 
portant. 

The most important event during the second decade 
of our story, 1890 to 1900, is undoubtedly the work of 
Eijkman. On the basis of systematic experiments he 
was able to refute the theories that beri-beri might be 
due to the presence of pathogenic organisms in rice, 
to lack of mechanical stimulation of the intestine, or 
to insufficiency of total food. He suggested that beri¬ 
beri is a state of intoxication brought about by the 
metabolism of excessive quantities of starch and that 
the silver akin of the rice contains a substance which 
counteracts the toxic products of the disturbed metab¬ 
olism. The conception of a positive factor in rice 
polishings, indispensable to health, did not develop 
until the following decade. 

We are probably safe in concluding that no scien¬ 
tific studies on vitamins were conducted in the United 
States before the 20th century. However, during this 
last decade of the 19th century, Congress appropri¬ 
ated $10,000 for the year ending June 30, 1895 and 
$15,000 the following year to enable the Secretary of 
Agriculture “to investigate and report upon the nu¬ 
tritive value of the various articles and commodities 
used for human food.” Atwater was placed in charge 
of nutrition investigations, and in 1896 Atwater and 
Woods published an extensive compilation on the 
proximate analysis of American food materials. This 
bulletin (No. 28) has been a standard reference on 
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food composition, and tables in many text books are 
based on these early values. 

The next decade, or the first period in the new cen¬ 
tury, can be characterized by a growing interest in 
biochemistry. The American Society of Biological 
Chemists was organized in 1906 and both the Journal 
of biological Chemistry and the Biochemical Journal 
were started during the first part of the century. 
Lusk, an active member in the Society, continued to 
emphasize the importance of energy metabolism in 
both health and disease. Levine started his important 
work on nucleic acids and their breakdown products 
which are assuming such importance in nutrition at 
the present time, Folin and Benedict developed meth¬ 
ods which could be utilized in studies on protein me¬ 
tabolism. The importance of amino acids, the con¬ 
stituents of proteins, in nutrition was being given 
consideration by Osborne and Mendel in this country, 
and Hopkins in England. Sherman, during his con¬ 
nections with the U. S. Department of Agriculture, 
established the early requirements for calcium, iron, 
and phosphorus in the human body. All of this work 
provided a sound foundation for future studies but 
did not stimulate any great interest in nutrition as 
such. The original Federal Food and Drug Act was 
passed during this period but the evolution of the 
law, which took place over a period of 25 ye&TB, was 
based largely on chemical analysis. Greatest em¬ 
phasis was placed on adulteration of foods and drugs 
which could be recognized chemically. A few workers 
were beginning to recognize that true nutritional value 
of foods could be determined only by animal experi¬ 
mentation. The work of Eijkman was not too well 
known in this country, but Babcock and Hart were ex¬ 
perimenting with calves on rations compounded ac¬ 
cording to available feeding standards. 

The next decade, 1910-1920, brought an entirely 
new point of view. It was found that calves failed 
to grow on rations made entirely from products of 
the wheat plant but thrived on rations made from the 
corn plant. Hopkins obtained a very significant 
growth response in rats fed purified rations when a 
few cc of milk were added. The work of Osborne and 
Mendel, and McCollum and Davis showed that rats 
fed purified rations developed normally when the fats 
of the diet consisted largely of butter fat but failed 
when other fats, now known to be low in vitamin A, 
were used. Chicks grew normally if allowed access 
to sunlight shortly after hatching but developed severe 
leg weaknesses when they were hatched early in the 
spring. It was in 1914 that the Pellagra Commission 
reported that "Pellagra is in all probability a specific 
infectious disease communicable from person to per¬ 
son by means at present unknown" and that the Sur¬ 


geon General of the U. S. Public Health Service or¬ 
dered Dr. Goldberger to take charge of the pellagra 
investigations. Shortly thereafter, he produced typ¬ 
ical pellagra in prison volunteers in Mississippi by 
placing them on a restricted diet, and also observed 
the development of blucktongue in dogs fed similar 
rations. During the first part of this period, Funk 
isolated a crystalline compound from concentrates 
which were active in the prevention of polyneuritis in 
pigeons. The substance which ho actually isolated 
was nicotinic acid, which was later shown to be the 
antipellagra factor. 

By the end of this decade, at least three separate 
vitamins were recognized as essential for the growth 
of young, and evidence was available which indicated 
that there might be additional vitamins. The real sig¬ 
nificance of these factors in total metabolism was un¬ 
known. With the outbreak of the first World War, 
attempts were made to utilize the limited knowledge 
available by advocating greater use of the so-called 
protective foods. This, together with the dramatic 
responses obtained upon supplying these foods when 
deficiencies occurred, led to the popularization of vi¬ 
tamins, which developed tremendously the next decade. 

The period between 1920 and 1930 represents a 
transition stage hetween the early unstandardized ani¬ 
mal studies and the more effective approach as a re¬ 
sult of the greater interest which biochemists and or¬ 
ganic chemists took in this field. By 1925 many 
laboratories were undertaking systematic nutrition 
studies, and fairly quantitative assay procedures were 
developed for the known vitamins. Even with these 
improved techniques and the use of more highly puri¬ 
fied basal rations, many of the B vitamins were not 
recognized until the following decade, and apparently 
we still have Borne to look for. The relation of vita¬ 
min D to ultraviolet light was established in 1924, and 
this stimulated work on the chemical structure of 
sterols. The early recognition of the relationship of 
vitamin A to carotenoids stimulated studies on the 
structure of the carotenes, but the exact relationship 
was not established until 1929. Small amounts of 
crystalline vitamin B x were isolated in 1920, and in 
1927 Szent-Gyorgi isolated a crystalline compound 
which King and co-workers later found to have anti¬ 
scorbutic activity. Before leaving this period, it is 
important-to mention that the American Institute 
of Nutrition was organized in 1928. This society 
brought together a group of workers trained in many 
fields but with one common interest, and it also tended 
to balance ,the different phases of nutrition research. 

The fourth decade of this century will .undoubtedly 
be recognized as the period in history when greatest 
progress was made in the chemistry of vitamins and 
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other essential nutrients. Work on the isolation, char¬ 
acterization, and synthesis of vitamins has attracted 
the attention of many of the outstanding chemists in 
the world. The decrease in the wholesale price of 
moat of the vitamins during the past 10 to 12 yenrs 
is well known to all of us. It is needless to mention 
the significance, not only in nutrition but in all meta¬ 
bolic work, of the availability of sufficient quantities 
of these interesting chemical compounds to make their 
use unlimited. We are still looking for some of the 
new vitamins and as a new one becomes available 
progress accelerates in all phases of nutrition. 

It was also in this decade that we began to study 
and appreciate the mechanisms through which the vi¬ 
tamins function in the living cell. In 1931 Peters, 
in England, showed that the brain tissue of thiamine- 
deficient pigeons was incapable of oxidizing glucose 
at a normal rate. This observation was soon followed 
by the demonstration that in vitro addition of thin- 
mine to deficient brain tissue resulted in an increased 
rate of respiration. So today we think of thiamine 
in relation to the coenzyine decarboxylase, which is 
necessary in the metabolism of a keto acids, and of 
nicotinamide and riboflavin as necessary for the for¬ 
mation of enzyme systems which function in the trans¬ 
port of electrons during the oxidation of all types of 
foodstuffs. We think of the B a vitamins in relation 
to the metabolism of amino acids and pantothenic acid 
as a constituent of the coenzyme required for acetyla¬ 
tions. Very recently it hHs been shown that one of 
the functions of biotin relates to the fixation of carbon 
dioxide with pyruvate to form oxalacetate. This rela¬ 
tionship between vitamins and the prosthetic groups 
in enzymes makes it easy to understand the body’s 
continuous requirement for vitamins, and the reason 
why vitamin requirement may vary, depending upon 
composition of the diet. 

Furthermore, workers began to recognize the rela¬ 
tion of vitamins to the growth factors for bucteria. 
The importance of riboflavin in the animal was rec¬ 
ognized in 1933, and the need of this compound for 
the growth of kctic acid bacteria was shown in 1936. 
In 1937, nicotinic acid was shown to be important 
for both animals and microorganisms. Williams first 
recognized pantothenic acid as a growth factor for 
yeast in 1933; in 1939 this compound was shown to be 
the chick antidermatitis factor. Similar relationships 
were shown for pyridoxine, biotin, and inositol, 

These studies led to the use of bacteria for the 
quantitative estimation of vitamins, and the first 
widely used method was that proposed by Snell and 
Strong in 1939 for riboflavin by means of Lactoba - 
cillus caaei . However, extensive use of this and re¬ 
lated methods did not take place until later. 


The present decade has been most interesting to 
many of us. In the first place, we have seen the prac¬ 
tical application of scientific knowledge to an extent 
which surpassed the hopes of the most enthusiastic 
workers. In November 1940 a committee, which later 
became the Food and Nutrition Board, was called to¬ 
gether by the National Research Council to mobilize 
available knowledge of nutrition for the guidance of 
the several agencies of the Government which were 
facing problems involving food and nutrition. This 
group recognized immediately that if plans were to 
be made for securing optimum nutrition for either 
military or civilian groups, uniform values for human 
requirements must be established. The Board called 
upon everyone w y ho had given any thought to this 
problem; and the dietary allowances, which are now 
so familiar, were first submitted to the National Nutri¬ 
tion Conference for Defense in May, 1941. These 
values have undergone several revisions and the new 
1948 edition will soon be available. 

In the words of Dr. .Jeans “The allowances have 
potentialities for innumerable applications. Through¬ 
out the war they served as standards for the diets of 
our military forces throughout the world. The al¬ 
lowances are useful in making dietary surveys, in as¬ 
sessing the needs of our civilian population and ns a 
guide in feeding population groups. They have been 
widely used as guides for family buying for welfare 
administration. They have been used as a basis in 
determining production goals. They serve as a focal 
point for guiding research that iB to fill those gaps in 
our knowledge which are evident from a review of the 
derivation of the allowances.” 

It was also obvious that figures for dietary require¬ 
ments were of little value unless the composition of 
the food products consumed was known with con¬ 
siderable accuracy. The need for such information 
became very critical during the war and in 1942 the 
Office of the Quartermaster General requested the 
Food and Nutrition Board to assemble, coordinate, 
and apprise the available data on food composition. 
The extensive tables resulting from these studies were 
finally published as U.8.D.A. Miscellaneous Publica¬ 
tion No. 572. Work on the preparation of such tables 
did much to stimulate interest in the improvement and 
simplification of the assays for all the essential nutri¬ 
ents. As chemical and microbiological methods re¬ 
placed animal assays, more and more evidence accu¬ 
mulated to show that many nutrients may be present 
in several different forms. For example, vitamin B a 
activity in foods may be due to the presence of py¬ 
ridoxine, pyridoxal, or pyridoxamine. This merely 
emphasizes the complexity of biological material and 
the problems encountered when attempts are made 
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to place nutrition on a truly quantitative basis. The 
food industries and food processors have recognized 
this problem and have done much to support and 
stimulate work on food composition. This is impor¬ 
tant from their point of view since they must know 
the possible changes in nutritional value of foods dur¬ 
ing processing and cooking. Each nutri;nl and each 
of its different forms may bo affected differently. 

From these studies has come the interesting obser¬ 
vation that often the availability of certain nutrients 
in natural foods may be improved by a proper degree 
of processing. Furthermore, natural foods can bo im¬ 
proved by combining two incomplete food products 
or by adding minerals, synthetic vitamins, and even 
amino acids. 

Jn an effort to bring national nutrition to the sug¬ 
gested levels of the allowances, the Food and Nutri¬ 
tion Board has recognized the desirability of limited 
types of food fortification. These include iodized 
salt; the addition of vitamin 1) to milk; the enrich¬ 
ment of flour, bread, and certain cereuls with B vita¬ 
mins and minerals; and the fortification of margarine 
with vitamin A. In applying these new scientific de¬ 
velopments great care must be taken to control theiT 
use and to prevent the indiscriminate use of synthetic 
products to the detriment of the public. I believe the 
Council on Foods and Nutrition of the American 
Medical Association has made the most acceptable 
statement regarding fortification. 

The Council wishes to encourage efforts to improve 
as far os possible the nutritive quality of all foods 
which contribute importantly to the American diet 
ami which thereby constitute the food environment 
of the people. In spite of all these efforts there exists 
now and will undoubtedly continue to exist for some 
time, certain specific deficiencies in large segments of 
the population which can be remedied best through 
addition of indicated nutrients to cheap, staple foods 
that occupy substantial places in the dietary. The 
Council has favored and encouraged the addition of 
certain nutrients to selected foods for the purpose of 
overcoming these deficiencies by replacing as nearly as 
possible that which has been lost in processing, or by 
making appropriate foods serve as carriers of dietary 
essentials which are inadequately supplied by many 
diets. In any case, the purpose of adding synthetics to 
natural foods should be to prevent known deficiencies 
in groups of the population and not to use synthetic 
products which happen to be available at low cost. 

The Council disapproves of rnlunited or indiscrimi¬ 
nate fortification of general purpose foods with min¬ 
erals, vitamins, amino acids, or other nutrients. 

Although fortification is largely a product of the 
present deeade, it is important to mention that the 


addition of vitamin D to milk was initiated in 1028, 
and the program has now been in progress long 
enough to demonstrate its true value. The incidence 
of rickets in the children of this country is almost 
nil. Iodized salt was introduced still earlier but due 
to the absence of controlled procedures, the program 
has not been so successful. 

The improved methods which have been used for 
the analysis of food have also been applied in meta¬ 
bolic studies especially in carrying out balance studies 
and saturation bests. These procedures have done 
much to improve the diagnosis of early nutritional 
deficiencies. They have also stimulated direct studies 
on human subjects. For example, studies at the Elgin 
State Hospital have been in progress several years to 
determine possible variations in the thiamine and ribo¬ 
flavin requirements between young and old subjects. 

Another great development, which will be given 
more and more recognition with time, was the estab¬ 
lishment of the Food and Agriculture Organization of 
the United Nations, and the recognition that human 
nutritional needs enn only be satisfied through a sound 
food policy which is not only national but interna¬ 
tional. It is most gratifying that these applications 
of science have not detracted from fundamental stud¬ 
ies. For example, much of the work on isolation, 
characterization, and synthesis of folic acid was done 
during Lhe war period. The availability of folic acid 
makes it possible to continue the search lor remaining 
members of the vitamin B complex. Although folio 
acid may not be directly concerned with pernicious 
anemia, the work on folio acid led to the final isola¬ 
tion of vitamin B l2 , which appears to he the true per¬ 
nicious anemia factor. In other words, these studies 
clear up problems which were initiated two decades 
ago, when Minot and Murphy found liver and liver 
extract to bo effective in pernicious anemia. 

It is also apparent that some of the newer nutri¬ 
tional factors are active in extremely small quantities. 
For example two to five micrograms of vitnmin 
are sufficient to give a very significant hematopoietic 
response in pernicious anemia. The daily require¬ 
ment for the human is probably much less. This 
brings us to another very interesting development 
which has taken place largely during the present dec¬ 
ade, namely the significance of the intestinal micro¬ 
flora in nutrition. I cannot help but refer to the first 
experiment conducted in our laboratory back in 1940, 
when it was shown that the feeding of sulfaguanidine 
reduced the growth Tate of rats and that this retarda¬ 
tion could be overcome with liver preparations, be¬ 
cause many of my co-workers were skeptical when I 
explained the results on the basis of retarded intes¬ 
tinal synthesis of unknown B vitamins. Today we 
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recognize the importance of intestinal synthesis of 
vitamins and possibly other nutrients not only in 
animal experiments but in human nutrition. Em¬ 
phasis is being placed on the relation of intestinal 
flora to conditioned deficiency diseases in man. 

It will not be possible for me to give any extensive 
review of the many important fundamental problems 
now under investigation, but I shall mention a few. 

The studies on amino acids initiated 40 years ago 
are now being brought to successful conclusion. Rose 
haa made extensive studies with humans to determine 
the quantitative requirements of adults. Cannon has 
also shown that the recognized essential amino acids 
nmy suffice for the maintenance of nitrogen equilib¬ 
rium in adult rats. However, recent work in our la¬ 
boratory with the growing animal indicates that many 
of the nonessential amino acids also need to be added 
for optimum growth. Very recently we have secured 
growth in mice equal to that obtained with intact pro¬ 
tein by supplying all the amino acids in free form. 

Another problem is the interrelationship between 
various nutrients—the most interesting of which is 
the interrelationship between niacin and tryptophan. 
This has led to the complete understanding of the 
early work of Goldberger during the second decade 
of this century. Today we know definitely that pel¬ 
lagra is associated with corn consumption not only 
because it is low in niacin but also because the protein 
in corn, zein, is low in the amino acid tryptophan. 

One of the most interesting developments during 
this decade has been the recognition of metabolic an¬ 
tagonists. The availability of many of the nutrients 
in pure and synthetic form has allowed modification 
in the structure of these compounds. Out of this 
work has come the general recognition that slight 
modifications in the structure of certain vitamins may 
change them from essential nutrients* to detrimental 
metabolites. Although these observations may not 
have direct application to nutrition, because few of 
the antagonists occur in nature, these relationships 
will give much information regarding metabolism. 


All of this work emphasizes the importance of rec¬ 
ognizing all the nutrients taken in by living cells, 
whether they be present in animals, plants, or micro¬ 
organisms. These nutrients may not always be essen¬ 
tia], but they may become important under certain en¬ 
vironmental conditions. There is great hope for the 
future in nutrition, if we recognize this broad prin¬ 
ciple, and if we continue to develop techniques which 
will measure some of the nutrients which are active 
in the minutest quantities. During the post few dec¬ 
ades, we have developed from u point where we 
thought milligram quantities were important to n 
point where we must recognize microgram and milli- 
inicrogram quantities. If we can supply these sub¬ 
stances in optimum amounts and in the proper ratios 
we will have an efficient machine for the utilization of 
energy for growth and development, or in other words, 
we will have optimum health. In spite of the tremen¬ 
dous advances in the science of nutrition and in fond 
technology, our world food problem today is still one 
of total calories. On the other hand, in areas like the 
United States where caloric undernutrition has been 
relatively rare for many years, there appears to be 
some correlation between the increased incidence of 
degenerative diseases and high caloric intake, and 
efforts are under way to control food intake nt least 
to a limited extent. 

We can therefore look back on seven decades of 
nutrition research with considerable satisfaction. En¬ 
thusiasm over newly discovered nutrients may have 
given too great emphasis to certain phases of nutri¬ 
tion for short periods of time, but active workers 
soon reinstituted the proper balance. Workers in 
nutrition have made use of the scientific advances in 
many of the related fields, and ut the.Barne time have 
contributed to the advances in allied fields; but in do¬ 
ing so they have not diverged too far from the main 
goal of optimum health for all. 

Based upon an address presented at the Symposium on 
Food and Nutrition, American Association for the Advance¬ 
ment of Science, Washington, D. C., September 16, 1949. 
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TECHNICAL PAPERS 


The Prevention and Treatment of 
Motion Sickness I. Seasickness 1 

Lulic N. Gay and Paul E. Carliner- 

Allergy CUnlc , Medical Department, Johns Hopkins 
Hospital and University, Baltimore 

During the year 1947, Draummine (p-dimethylamino- 
ethyl benzohydryl ether B-chlorotheophylliimtc) was Bent 
by the manufacturer to tile Allergy Clinic of the Johns 
Hopkins University and Hospital for experimental investi¬ 
gation of its value in the control of the symptoms of hay 
fever and urticaria. The drug was administered to a 
pregnant woman who complained of urticaria and who 
incidentally has suffered all her life from car sickness. 
Unexpectedly, the car sickness was relieved as well na the 
urticaria. It was possible to control the car sickness of 
this patient at will. A placebo failed repeatedly, but 
the dmg Dramamine gave her complete relief if Bhe took 
50 mg a few minutes before she boarded the streetcar. 

A study of seasickness was planned and executed on 
the U. S. A. T. '‘Gonernl Bnllou. ” This transport car¬ 
ried 1,360 soldiers to Brcmcrhnvun, Germany. The voy¬ 
age began on November 27, 1948 and, after a rough 
passage, terminated on December 7, 1948. Complete co¬ 
operation was given by the Surgeon General's office nnd 
by the Transport Command. Four adjacent compartments 
on the transport wore set aside for the controlled study 
of the 485 men who were ussigned to them and sub¬ 
jected to the same motion of the sea. Treatment was 
planned so that half the men were given Dramamine or a 
placebo of lactose at the time of departure from New 
York Harbor; the other half were given Dramamine or a 
placebo 2-12 hr aftor the onset of symptoms of seasick¬ 
ness. Adequate control groups were givon a placebo. 
The dose of Dramamine was 100 mg every 5 hr and 
before retiring. Dramamine prevented seasickness in all 
but two of the 134 men who occupied compartment 3-TC; 
a placebo failed to relievo the symptoms in all controls 
who developed true seasickness in compartment 3-F. 
However, the control group (34 men) obtained complete 
relief of symptoms within 1 hr after the first dose of 
Dramamine was administered. The drug gave complete 
relief to 14 men in compartment 4-E who developed 
symptoms 3 hr or more after the transport left New 

1 This Investigation was made possible by the Chief of 
Staff and the Surgeon General of the United States Army. 

■The authors wish to express their appreciation to the 
Transport Command, especially Major C. W. Hodges, Lt. J. 
L. Soelllng, and the nurses of the U. B. A. T. "General 
Ballou 1 ’; and to G. D. Benrle A CO., of Chicago, who prepared 
the Dramamine and the placebo for the Investigation. 


York. A placebo failed to relieve 14 men in comportment 
4-F, but these men obtained complete relief 4 hr after 
Dramamine was substituted for a placebo. Nineteen men 
who developed symptoms (nausea and dizziness) 3 hr or 
more after the transport left New York were relieved by 
a placebo. These men required no medication during the 
last seven days of the voyage to Bremerhavcn. Among 
881 men who occupied other compartments on the trans¬ 
port, 195 cases of severe seasickness developed. Of these, 
187 derived complete relief i hr after the administration 
of Dramamine. Relnpses were induced by tho substitu¬ 
tion of a placebo, but these symptoms were relieved 
within i hr after the administration of Dramamine. 
During r period of 10 days, Dramamine was given to 
389 cases of seasickness. Of this number, 372 were com¬ 
pletely relieved of symptoms within 1 hr after the first 
dose of 100 mg. Seventeen cases derived only partial or 
no relief. A dose of 100 mg prescribed every 5 hr and 
before retiring was adequate to control the most distress¬ 
ing symptoms. When tho patient was unable to retain a 
capsule administered orally, he did retain and absorb the 
drug given rcctally. The benefit derived by this method 
wns as rapid and ns complete as that derived by the oral 
method. No reaction to Drnmamine was encountered by 
any soldier to whom it was administered during the 
period of 10 days. 

The Effectiveness of Dramamine in the 
Prevention of Airsickness 

Banjamin A. Strickland, Jr., and George L. Hahn 

USAF School of Aviation Medicine , 

Randolph Field , Texas 

The receut report by Gay and CariineT (£) on the 
effect of the new antihistaminic drug, Dramamine (0-dl- 
mcthylaminoethyl benzohydryl ether H-chlorotheophylli- 
nate), as a preventive and treatment for seasickness has 
attracted widespread attention. Investigations on mo¬ 
tion sickness in the past have shown a paucity of con¬ 
trolled studies carried out on shipboard or on aircraft. 
The methodology utilized by Gay and Cafliner is strik¬ 
ingly provocative in that practical studies on motion 
sickness under actual precipitating conditions were sub¬ 
jected to controlled scientific scrutiny. 

Armstrong (1) has pointed out the dearth of compre¬ 
hensive reports In the literature on the subject of motion 
sickness caused by aircraft in flight. This form of mo¬ 
tion sickness is well known and is encountered often 
enough to be considered a major problem of aviation 
medicine. Air sickness is one of the most frequent 
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causes of distress among airline passengers. Tn mili¬ 
tary aviation an appreciable number of flying cadets are 
eliminated for this reason; it is not unusual for combat 
aircrews to be affected; and not infrequently a high per¬ 
centage of airborne troops and p urn troopers are more 
or less incapacitated by the time they have reached their 
destination. 

Smith (J) in 1946 reviewed all of the previous work 
aimed at finding a motion sickness remedy and recom¬ 
mended that until a better drug was available hyoscine 
hydrobromide be used in the prevention of airsickness in 
Air Force personnel. The reported remarkable effective¬ 
ness of Dramamine (5) in the prevention and treatment 
of seasickness would indicate that this drug might also 
be valuable in airsickness and in February 1949 the Air 
Burgeon authorized the U8AF School of Aviation Medi¬ 
cine, Randolph Air Force Base, Randolph Field, Texas, 
to initiate tests. 

A preliminary controlled study has been completed. A 
procedure was devised whereby onchour flights simu¬ 
lating flight through turbulent Hir in a ('-47 (DO-3) 
airplane were utilized. Volunteers were obtained from 
among individuals stationed at Randolph Air Force 
IImnc who wero not on flying duty. No other selection 
factors were utilized within this group since it was 
desired to have ns a test group a cross-section of young 
adult males who had not become conditioned or adapted 
to aircraft motion. In view of this it can bo considered 
that the individuals studied are similar to those studied 
by Gay and Carliner. 

Twelve flights of 18 individuals each have been carried 
out to date. On each flight conditions encountered in 
flying through gentle and moderately turbulent air were 
simulated. All variable factors wero either controlled or 
11 randomized ,' 1 Methodology was as follows: 

(a) Each group of 18 men on a flight was subdivided 

into a group of nine who received a 100-mg tablet of 
Dramainine and another nine who received a plncebo 
identical in appearance. Care was taken to prevent each 
individual from knowing "whether he received drug or 
placebo. * 

(b) Tho drug or the placebo was administered concur¬ 
rently from 25 to 45 min before each flight. 

(c) Beating arrangement in the airplane was carefully 
controlled in that an equal number of individuals who 
received the drug were distributed symmetrically in the 
forepart and the afterpart of the cabin. The same pro 
cedure was used in seating the individuals who received 
the placebo. In addition, drug and placebo subjects were 
symmetrically distributed on the right and left sides of 
the cabin. 

(d) All flights were made at an altitude of 5,000 feet 
above mean sea level. The pilots had previously devel¬ 
oped methods of simulating flight through gentle and 
moderately turbulent air. These maneuvers may be sum- 
t^ktUed as follows: (1) Yawing or "flsh-tailing"—pro¬ 


duced by moving the rudder from side to side. (2) 
Rolling—produced by raising and lowering the wings 
alternately by the aileron controls. (3) Pitching (in¬ 
cluding ascending)—produced by moving the elevators 
causing up-and-down motion. Minor altitude variations 
were obtained similar to those caused by updrafts and 
downdrafts. (4) Various combinations of the foregoing 
maneuvers were used and approximately three-fourths 
of the duration of each flight was devoted to intermit¬ 
tent simulation of flight through turbulent air. 

(e) As in previous studies carried out on motion sick¬ 
ness at the School of Aviation Medicine, the incidence of 
airsickness in the subjects was judged on a purely ob¬ 
jective basis, i.e., whether or not vomiting occurred. 

Twelve flights wore mado under the conditions de¬ 
scribed and a total of 216 subjects were tested. Oue^half 
of the subjects received Drnmamine and the other half 
a placebo. The results are shown in Table 1. 

TABLE 1 


Pre flight 

Airsick 

Not Hick 

Tntnl 

Num- Per- 

Num- I*cr- 

num¬ 

ber 

medication 


l>er rentage 

her eruingp 

DrnmumliH 1 

. . HI 28.7 

77 71.3 

108 

Placebo . . . 

00 55.6 

48 44.4 

108 



Under the 

conditions described above 28.7 percent of 

those given 

Dramamine became 

ill us opposed 

to 55.6 


percent among those given a placebo. Application of the 
statistical technique known as sequential analysis to the 
results shown in Table 1 indicates that additional ex¬ 
perimental flights as described above would result merely 
in further verification of the same relative difference of 
incidence of airsickness. 

Bo important is the solution of the problem of motion 
sickness in both commercial and military aviation that 
any drug ur type of drug which appears to have signifi¬ 
cant effects in preventing airsickness warranty extensive 
investigation. Although the results of this experimental 
study are not spectacular, Drnmamine appears to decrease 
the incidence of airsickness. More exhaustive studies 
under actual turbulent conditions are Indicated. Addi¬ 
tional reseurch is presently under way at the UBAF 
School of Aviation Medicine concerning the mechanism 
of action of Dramamine and other drugs in the preven¬ 
tion and treatment of airsickness. 
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Chronic Toxicity of Gossypol 1 

Edward Eagle 

Swift 6- Company , Reteareb Laboratories f Chicago 

Tlic widespread publicity attained by gossypol as an 
appetite depressant, since the report (J) that highly 
purified preparations of gossypol act by delaying the 
passage of food from the stomach to the duodenum in the 
rnt, has led to repeated requests for the use of this ma¬ 
terial for clinical trial in the treatment ami control of 
obesity. Gossypol, a polyphenolic yellow pigment, is the 
principal component found in the pigment glands of cot¬ 
tonseed ( 1 ). Its acute oral toxicity and that of cotton 
seed pigment glands for rate, mice, rabbits, and guinea 
pigs have been reported (£). 

To determine the effect* of repeated oral doses of gos- 
sypol on the food intake and body weight, four young, 
litter-mate male dogs (5»0 to 5 A kg) wore given daily 
doses of 0, 50, 300 and 200 mg/kg body Wt of the mn- 
teriiil, respectively, during three different experimental 
periods according to the following schedule: 55-dny con¬ 
trol period, 5-duy experimental period (gossypol by cap’ 
sole), 9-dny control (rest) period, 5-djiy experimental 
period (gossypol by stomach tube), 9-day control period, 
ft-rtny experimental period (gossypol by stomach tube). 
From the first administration to the last, each of the 
three experimental dogs receive^ a total of 19 dally doses 
of gossypol within a period of 37 days, which resulted 
in the death of all three dogs within 5 days after the last 
dose (one on the fourth and two on the fifth day). 

The consistent effects of repealed doses of gossypol in 
the dogs wore nausea, vomiting, diarrhea, anorexia, and 
marked weight loss. During the final period of goBsypol 
administration the nverage food intake (dry basis) of 
each of the experimental dogs fell to 6.0, 0.4, and 3.0 
g/kg body wt/day, respectively, while the control dog 
ate 28,0 g/kg body wt/dny, and they lost 20, 26 and 25% 
of their body weight (the control dog lost 0.7%) within 
a period of 9 days. Post-mortem examination showed os 
sentlally the pathological findings reported for the rat, 
mouse, rabbit, and guinea pig (5), with marked lesions 
of focnl necrosis involving the cecum, ileo-cecal valve, 
and adjacent portions of the large intestine. Further ex¬ 
periments are in progress. 

It is suggested thxt the use of gossypol in human sub¬ 
jects be withheld until more data on its pharmacology 
and toxicology are available. 
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Application of Chromatography to the 
Separation of Subcellular, Enzymatically 
Active Granules 

Vernon T. Riley, Marie L. Heuelbsch, Silvio Fisla, 

M. W. Woods, and Dean Burk 

National Cancer Institute, National Institutes of Health, 
Bethesda, Maryland 

It has recently been shown (»7) that the chromato¬ 
graphic columnar adsorption method (4, 6) can be applied 
to the partial separation of biologically active particu¬ 
lates of virus dimensions from a chicken tumor extract. 
The present communication extends this chromatographic 
application to larger subcellulor components, in the 
microscopically visible range, as found in pigmented 
mammalian tumors. 

It lias been found that melanized granules, varying in 
size from 0.2 to 0.6 p, or more, of the Cloudman 891 and 
Hardin g-Passev mouse melanomas, can be reversibly 
adsorbed on Celitc columns (Fig. 1) and are thus subject 
to chromatographic manipulation. As a consequence, cer¬ 
tain uther constituents of the tumor homogenutes employed 
as starting material can be readily separated from the 
granules, thereby providing a basis for noucentrlfugal 
segregation of a substantial portion of the other tissue 
components. The particulate elements (I, S, 5) separated 
by chromatography were found to possess high dopu 
oxidase and succinoxiduse activities. As indicated by the 



Fla. 1.—Adsorbed melanin granules on the developed 
chromatographic column prior to extrusion end segmentation. 
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NaCI- LOG MOLAR 


Fit;. 2.— Kffecl of suit ccmcenl rullon no tht* elution of 
melunlzed jirniiiilcH mid total nitrogen following (lie nilsorp- 
tloii of equal quantities of n partially purified Niispenslon od 
Hoparatc eoluiniiH. 

data below, granules so isolated possessed comparable or 
higher activities per unit of nitrogen than did the start¬ 
ing material, which had been partially purified by centrif¬ 
ugation, and considerably higher activities per unit of 
nitrogen than the starting extracts, where only pre¬ 
liminary centrifugal purification was omployed. 

In order to determine the adsorption and elution range 
of 591 melanin granules in this system, a curve was ob¬ 
tained by adsorbing from physiological saline equal 
quantities of granules (partifdly purified by centrifuga¬ 
tion) on six identical 8 x 36 mm microcolumns. The 
columns were developed with 5 ml of additional physio¬ 
logical saline (0.154 M Nad) and each column was then 
eluted with 10 ml of solution containing various concen¬ 
trations of NaCI ranging from 10 _1 to 10 -8 M, and ter¬ 
minating with distilled water. Fig. 2 shows the influence 
of sodium chloride concentration on the elution of the 
melanin granules and total nitrogen, and indicates strong 
adsorption at 0.1 M, with continued influence through 
0,001 M. 

The percent granules eluted was estimated by measur¬ 
ing the optical density of the eluate at 660 mp,. A dilu¬ 
tion curve of the centrifugally purified granules followed 
Beer ’* law, giving & straight line relationship with a zero 
intercept, Total nitrogen was determined by the Koch- 
McMeekin micro-Kjeldahl method, 1 and the enzymic ac¬ 
tivity of the granules was followed by their auceinoxidase 
values determined manometrlcally in the Warburg ap- 

1 Determined In Mr. Charles A. Rinser's laboratory, Na¬ 
tional Institutes of Health. 


paratus. The pH of all solutions, including the tumor 
extracts, ranged from approximately 6.5 to 7.5. Within 
these limits, pH has littlo influence on adsorption or 
elution compared with the effect of salt concentration. 
In general, the adsorption and development procedures 
were carried out with cold solutions (2° to 10° C), while 
the elution was done with solutions at room temperature. 
The microcolumns were packed by introducing 5 ml of a 
10% slurry of #603 Celite over a plug of absorbent 
cotton. 

After establishing conditions for ndsorption, develop¬ 
ment, and elution of the granules, the following experi¬ 
ment with a larger column wttB performed. Forty ml of 
a crude 20% 591 tumor extrnct M in saline was adsorbed 
on a dry Celite column 34 x40 min. A black zone of 
melanin granules formed in the upper part of the column 
and a pink zone containing hemoglobin and other tissue 
components developed immediately beneath the granules 
and migrated into the filtrate just behind a colorless zone 
of solvent. The column was developed with 40 ml of 
cold 0.164 M NaCI (0.9%), which was collected in the 
filtrate together with the pink fraction. 

The inoist column was extruded and cut into eight 5 min 
segments, as illustrated in Fig. 3. In view of the adsorp¬ 
tion-elution results shown in Fig. 2, each segment was 
separately eluted with distilled wntcr, and the elual* 
tested for turbidity, succinoxidaso activity, and nitrogen. 
The results are shown in Table 1 and Fig. 3. The data 
show that the granules were retained and subsequently 
eluted from the upper part of the column, while the 
preponderance of the starting nitrogon migrated into 
the percolate. This resulted in a more than 0-fold puri¬ 
fication of the granules, ns demonstrated by the relative 
increase in the succinoxidaso QO a (N) value of fraction 2 
compared with that of the starting material. The per¬ 
colate (fraction 10), showed a corresponding decrease in 
activity, as did fractions 7 through D, This adsorption 
behavior is similar to that found for the virus-like agent 
of chicken tumor I (J). The eluted particulate fraction 
2 had a high population of melanized granules 0.3-0.6 p 
in diameter, which were easily visible in the ordinary light 
and phase contrast microscopes. 

If the above procedure is modified so that the elution is 
done by flowing chromatography rather than extrusion 
and segmentation, one black zone migrates down the 
column at a much faster rate than another, so that two 
distinct zones occur. While this indicates a chromato¬ 
graphic difference, or a change in a portion of the gran¬ 
ules, the physiological or chemical differences of the two 
zones are yet to be studied. In experiments where this 
zone is loft on the column it is expressed as elution in¬ 
efficiency, as indicated in Fig. 2 and Table I. 

The association of the enzyme activity and the ob¬ 
served granules was attested by the fact that secondary 

■This extract was prepared by grinding the tumor tissue st 
l"-5“ C with 0.0% NaCI to make a 20% homogenate. Thin 
was centrifuged for 3 min at approximately 1,000 x gravity, 
the supernatant was poured off, and Its volume adjusted with 
saline to reestablish the original volume and yield a 20% 
saline extract. Such extracts Contained most of the melanin 
granules, together with some nuclei and other coarse par¬ 
ticulate matter. 
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centrifugation of auch eluates at speeds just sufficient to oxidase wore also found in the saline and distilled water 
se dim ent most of the particles yielded a fraction with supernatants. Table 2 presents some of the dopa oxidase 

TABLE 1 

Hhlative Dihtuibi tion of Melanized Granules, Huccinoxidahb Activity, and Total Nitrogen in the Column Kluatbs 
FOLLOW I NO THE ADSORPTION OF 40 ML OF A CLEARED TOUCH ExTEACT, AND DBVDLOrMENT WITH AN EiJUAL VOLUME 

of 0.0% Saline 


Fraction 


Oxygen 
con sumption 


Nitrogen QOi-(N) 


Optical 

density 








al/hr/ml 

% 

mg/ml 

V A 

pi Oj/hr/mg X 

% 

n at 050 mu 

% 

1. 

Starling extract* . 

10.7 

100.0 

1.4fl 

100.0 

11.3 

1 00.0 

L.40 

100.0 

■; 

Top 

n 

mm 

of 

coluniut - 

13.1 

78.4 

O.lfi 

12.2 

72.8 

044.2 

0.80 

57.1 

a. 

2nd 

G 

mm 

of 

column . . 

2.8 

10.8 

0.11 

7,4 

25.5 

225.7 

0,32 

22.8 

4. 

3rd 

G 

mm 

of 

column 

0.0 

5.4 

0.07 

4.7 

12.0 

114.1 

0.24 

17.1 

5. 

4 th 

r» 

min 

of 

column . . 

LB 

0.0 

0.07 

4.7 

21.4 

180.4 

0.20 

14.3 

0. 

5th 

r, 

mm 

of 

column 

1.0 

0.0 

0.00 

4.0 

20.7 

3 30.3 

0.14 

10.0 

7. 

0th 

G 

mm 

uf 

column 

0.2 

1.2 

0,052 

8.5 

8.8 

33.0 

0.00 

0.4 

B. 

7th 

S 

min 

of 

column 

0.2 

1.2 

0.048 

3.2 

4.2 

37.2 

0,08 

S.7 

0. 

Btb 

G 

mm 

of 

column 

0.3 

1.8 

0,002 

4.2 

4,8 

42.5 

0.07 

5.0 

10. 

I'ercolntet 



2.1 

12.0 

1.18 

70.4 

1.0 

10,B 

0,10 

7.1 


* See text footnote 2. 

t All column segments eluted with 10 ml of solution, or \ the original volume of exirnct Introduced oil Ihi* column. 
X Calculated lit 40 ml starting volume. 


Huccinoxidase Q0 2 (N) values equal to or higher than tile 
whole oluates. The same was also true for the dopa 
oxidase activity of the sedimented particles although, in 
contrast to succinoxidase, substantial quantities of dopu 


activities obtained when employing flowing chromatog¬ 
raphy. Further details concerning the different behavior 
of those two enzyme systems when manipulated chromato- 
graphically will be described elsewhere. 



Fia. 3. —Distribution on the Celtte column of melanlsed granules and other tumor components as Indicated by the 
eucclnoxldase activity and the total nitrogen of the column eluates as compared with the percolate and the starting extract. 
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Preliminary studies have not shown any obvious stain¬ 
ing or morphological differences in chromatographed 

TABLE 2 

Relative Dopa Oxidase Activities tea T'nit of Nitrogen 
in HD1 Melanoma Fhactionb Obtained bt Partial 
Centrifugal PURIFICATION Followed by 
Chromatographic Separation 


Fraction 


QQ 2 (N) 

Value 


Exp. 1 

Exp. 2 

Exp. 3 

Mean 

1. Starting extract* . 

23.5 

13.1 

14.2 

lfl.O 

2. Sedimented granulest ■ . . 

79.5 

31.4 

27.0 

48.0 

3. Column eluatef . 

4. Sedimented grauuliH from 

225.1 

130.0 

147.5 

107.7 

eluntel . .. 

:i72.4 

IN 5.4 

78.1 

212.0 


* This axtrnct prepared eHHent hilly uh deHcrllwd In text 
footnote 2 except for being cleared twice nt approximately 
1,000 x gravity, 

t TIiIh granule suspension constated of nil the material 
sedimented by subjecting the cleared starting extract to a 
force of approxOnately 4,000 x gravity for 10 mill. The re¬ 
sulting pellet was resuspended to the original volume with 
0.0% NnCl. 

t Tlie 10-fold Increase in enzyme uctlvlly of this fraction 
compared with the starting oxtrnct lias n P < .001 and Is 
thus highly significant statistically. lr 1 h not known at. pres¬ 
ent whether removal of nn Inhibitor Is involved In thla ln- 
creiise or not. 

I The granules In the column el mite were sedimented In 
the same way and simultaneously with those obtained in 
fraction 2 from the starting extract, This pellet was also 
resuspended to Its starting volume with 0.0% NuCl. 


granules as compared with smears or centrifuged prepara¬ 
tions. There wus, however, an apparent increase in uni¬ 
formity of population. Fig. 4 shows an electron micro¬ 
graph nf Harding-Passey granules separated by flowing 

chromatography. 1 

The adaptation of chromatography to particulates rang¬ 
ing from virus to mitochondrial and bacterial size pro¬ 
vides another method for separation nnrl characterization 
of the particulate components of the cell. Since columnar 
chromatography presumably exploits tho surface and 
molecular configurations of particles rather than their 
mass or specific gravity, the method may provide a new 
attack on the problem of separating morphologically 
similar units possessing different physical or chemical 
surfaces. 
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Lygus Bugs in Relation to the Occurrence 
of Embryoless Seeds in the Umbelliferae 



Fig. 4.—Electron micrograph of melanin granules from the 
Harding-Passey mouse melanoma obtained by chromatog¬ 
raphy. Gold shadowed at the Hpprnxlinate angle tangent 
l/a. Magnification 8,000 x. Enlarged to about 18,000 x. 


Florence Flemion 

Boyce Thompson Institute for Plant Research, Inc., 
Yonkers, New York 

In fresh soeds of various members of the UmhcLlifuruc 
family, quite often a considerable number—Homotimes 
50% or more—will not germinate, although they appear 
well filled and in good condition, Examination, of many 
different lots of umlmlliferous seeds ( 3 ) has shown that 
the fresh seeds which failed to germinate wore without 
embryos while those containing mature embryos gave 
satisfactory germination. In these omhryoloas seeds the 
endosperm is present and from all appearances normal 
while the very small embryo Which normally lies imbedded 
in the endosperm at one end of'the seed is lacking. In no 
other family have such high pefeentages of embryoless 
seeds been reported; embryotassnessj if present in other 
groups, is usually found In leas thau 1% of the seeds. 
The notoriously poor germination of umbelliferous seeds 
is evidenced by the rather low minimum germination 
standards set by the Federal government—5S% for carrot 
and celery and 60% for parsley and parsnip. Evidence is 
presented in this paper that ombryolessnass occurs fol¬ 
lowing the caging of Lygus bugs (Lygus oblineatus Say' 

* Identified by Dr. Reece I. Bailer of 17. H- National Museum. 


• Electron microscopy by Dr, Herbert Kahler and Mr. 
Bolivar J. Lloyd, National Cancer Institute. 
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aud perhaps others) with the developing seeds of carrot 
and dill, and the results suggest that these insects arc 
responsible for the natural occurrence of embryoless 
seeds in these species. 

Lygus hugs are widely distributed and are known to 
feed on many of our native wild and cultivated plants. 
They reduce seed crop yields by causing bud blasting, as 
well as blossom and young fruit drop in alfalfa, beans, 
and cotton ( 6, 8, 10), seed spotting and pitting in the 
common and lima beanB (1 , 4), shriveled empty Beetle in 
nlfnlfa (£), and reduced germination in licet, cotton, and 
guavule (5, 7, 9). As far as the writer is aware, a rela¬ 
tionship between embry pleas swede in the ITmbelliferae 
and Lygus bugs has not pcnvlously been observed. 

In attempts to determine .the cause of embrj^olosaneBS, 
various possible factors, stash ns type of soil, locality, 
weather conditions, pollinating insects, and geneticnl in¬ 
fluence, were studied lmt none of these seemed to have 
any bearing on the problem. Embryolessness was found 
to appear at random from year to yeof, with no correla¬ 
tion in regard to position on the plant or within the 
umbel (flower cluster). However, there was some indi¬ 
cation that the seeds within a pair sometimes behnved 
similarly. Within a given sample embryolessneaB was 
present in seeds of all sizes. It was noted that embryo- 
less seeds seemed to appear at. a rather late stage of seed 
development, usually after the endosperm was more or 
lcNB completely formed—that is, when it was white and 
firm. Very little embryolessness occurred early in the 
season at Yonkers, New York, but it was often quite 
prevalent in the midseuson and early fall crops. 

Various types of insects found visiting the flowers and 
developing fruits of various members of the TTmbellifernc 
growing in Yonkors were caged with dill plants. Em 
bryoless seeds almost invariably occurred, usually in very 
high percentages, on the plants or specific umbels which 
had been caged with Lygus bugs. Except for a few in¬ 
stances, no embryoless seeds were produced in either the 
control plants (caged insect-free) or in plants enged with 
otheT types of inaecta, such ns ants, aphids, bees, .Tapn 
nese beetles, lady beetles, and syrphid flies. The pres¬ 
ence of a few embryoless seeds under these circumstances 
indicated either that the Lygus bugs, especially nymphs, 
were not effectively excluded or that other factors, per¬ 
haps other insects, may occasionally have an influence in 
producing embryolessness. In the open field where dill 
plants were exposed to all types of insects, the percentage 
of embryoless seeds ranged from 0 to 02%, while no em- 
bryoleasnese occurred in the seeds from umbels protected 
from insects by cages. In the case of plants caged with 
Lygus bugs throughout the period of flowering to the 
production of mature seed, the amount of embryoless 
seeds obtained ranged from l to 100%, with an average 
of 58%. There was some indication that contact with 
Lygus bugs at the time of flowering or shortly thereafter 
reduced seed yield, while contact for only 48 hr at later 
stages of seed development produced embryoless seeds. 

Those results establish that the feeding of Lygus bugs 
produces embryoless seeds in dill. Preliminary results 
with carrot were similar. Details of these experiments 
ere appearing elsewhere. 
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A Metabolic Regulator in Mammalian 
Spermatozoa 1 

Henry A, Lardy, D. Ghoih, and G. W. E. Plauc 

Department of Biochemistry, University of Wisconsin, 
Madison 

The metabolic processes by which mammalian sper¬ 
matozoa derive energy for motility have been a subject, 
of investigation in this laboratory for some time. When 
the results of r series of studies (S-1,5) of the metnbo- 
lism of bovine sperniRtozoa obtained from semen were 
compared with those of other investigators (3, 4, 18, 10, 
£0 ) who had studied opididymal spermatozoa, it became 
apparent that the metabolic pattern exhibited by bovine 
sperm cells from these two sources differed greatly. 
Since these workers (3, 4, 18, 10, £0 ) had used a wide 
variety of techniques and experimental conditions, a 
study was made (7, 16) of the metabolism of washed 
bovine opididymal spermatozoa in the calcium-free buf¬ 
fer-salts solution developed for ejaculated spermatozoa 
(II). Under these experimental conditions several met¬ 
abolic differences between ejaculated and opididymal 
spermatozoa were observed. Those pertinent to the 
present discussion are: 

(1) Most ejaculated spermatozoa have a vigorous en¬ 
dogenous respiration (Qo a -9) (70). The addition of 

glucose results in a somewhat decreased rate of oxygen 
consumption (8, 9, 1£, 16). In contrast, fresh epidirly- 
mal spermatozoa have a comparatively low rate of en¬ 
dogenous respiration (<Jo B = 1—4) while in the presence of 
glucose, respiration is appreciably greater (Qr> z = 2-0) 

(7)- 

(2) Many specimens of ejaculated spermatozoa exhibit 
only a feeble Pasteur effect, i.e,, glycolysis in aerated 
media is almost as great as in the absence of oxygen 
{8, 10, 14). r pn the other hand, glycolysis by epldidjmnl 
spermatozoa is £-7 times faster under anaerobic condi¬ 
tions than it is in the presence of air (7). Certain 
specimens of ejaculated spermatozoa having a low en¬ 
dogenous respiration resemble epididymal sperm cells In 
that they exhibit a fairly strong Pasteur effect (13, 14) 

1 Published with the approval of the director of the Wis¬ 
consin Agricultural Experiment Station. This work was sup¬ 
ported In part by a grant from the Rockefeller Foundation 
to C. A. Elcehjeni and by the Badger Breeden Cooperative. 
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(3) Storage of excised epididymides alters their con¬ 
tained spermatozoa bo that their metabolism more closely 
resembles that of ejaculated spermatozoa (7). 


TABLE 1 

Avebage Rates or Catabolic Reactions in 
Bovine Btebmatozoa* 



Endo¬ 

+ Glu¬ 

la 

In Ns 

genous 

cose 

air 



A. Epididymal .... 

II 

10 

13 

DO 

D. Ejaculated . 

20 

10 

20 

25 

C. Epididymal 

+ regulator - . . 

20 

22 

20 

85 


■ Z « mm* gas exchiiuge/100 million sperm cells/hr ■* 2.0 Q 
(10). Z L »inm> CO, equivalent to the lactic acid produced. 

The data represent averages of from 10 to more than 100 
Individual observations. Lactic acid wan determined by the 
method of Barker and Bummeraou (i). Respiration meas¬ 
urements were made as described previously (7, 11). 

Data summarizing these observations arc included in 
Table 1, lines A and B, and in Table 2, line A. The 
data here are expressed in termB of Z values 3 instead 
of the more conventional Q values since cell counts are 
more conveniently made than dry weight determinations. 

It is interesting to consider these metabolic data to¬ 
gether with observations of motility. Epidldymal sper¬ 
matozoa with a Z U2 of 6 move almost as vigorously as 
do ejaculated spermatozoa with a Z 0z of 20. It appears, 
therefore, that the ejaculated spermatozoa are not as 
efficient in converting the energy of oxidative reactions 
to motion. The respiratory processes of the ejaculated 
spermatozoa are also less effective in depressing the rate 
of glycolysis. 

A search for the cause of these differences in metabolic 
efficiency and for the phenomena described under (3) 
has led to the discovery of a metabolic regulator which 
is present in a hound (inactive 1) form in epididymal 
spermatozoa and which is 4 apparently liberated in an 
active form soon after ejaculation. When small quan¬ 
tities of this regulator are added to epididymal sper¬ 
matozoa an increased rate of respiration and aerobic 
glycolysis results immediately (Table 1, line C). The 
metabolism of epididymal spermatozoa in the presence 
of added regulator closely resembles that of ejaculated 
spermatozoa. Anaerobic glycolysis is usually depressed 
by the regulator, especially at higher concentrations. 
The response to a single level of the regulator is shown 
in Table 1, line G. Greater quantities depress respira¬ 
tion and glycolysis and abolish motility. 

The biological activity of the regulator appears to 
result, at least in part, from its ability to uncouple 
exergonic oxidations from the phosphorylation reactions 
with which they are normally associated (fl). The regu¬ 
lator resembles dinitrophenol in that it stimulates cel¬ 
lular respiration and aerobic glycolysis while preventing 
energy utilization ( 8 , S, 14 , 17). We have devised an 

1 From the German “Zello."' Tlie symbol wns flrst used 
hy TtfdtnK (is;. 


assay for the regulator based on its ability to stimulate 
the rate of aerobic fermentation by baker’s yeast. De¬ 
tails will be presented elsewhere. 

Using the yeast assay, it has been found that the 
regulator 1 b present in a bound, inactive form in freshly 
ejaculated bull spermatozoa. During storage of semen 
at room temperature the substance is rapidly liberated 
from the spermatozoa into the seminal fluid in a water- 
soluble form which is still inactive for the yeast cell. 
The active substance is liberated from the water-soluble 
conjugate slowly during storage or more rapidly by mild 
alkaline hydrolysis. The Bubstance liberated by hydroly¬ 
sis is soluble in chloroform, ether, acetone, and petroleum 
ether. Alkaline hydrolysis is more effective in liberating 
the active form from the water-soluble conjugate than 
from the original bound form. 

Fresh epididymal spermatozoa contain almost none of 
the free active regulator, but an appreciable quantity 
can be liberated by alkaline hydrolysis. When excised 
epididymides are stored in the refrigerator, the free 
form of the regulator is progressively released (Table 
2). These results point to the likelihood that the in¬ 
creased rate of respiration of epididymal sperm follow¬ 
ing storage is brought about by the liberated regulator. 

Furthermore, it seems probable that the free regulator 
liberated into semen after ejaculation Is responsible for 
the higher rate of respiration of ejaculated spermatozon 
as compared with epididymal spermatozoa. 

We feel certain that the agent described plays an 
important role in the senescence of spermatozoa. If 
methods can be developed to prevent the liberation of 
the regulator or to counteract its effect once it is lib 
erated, viable spermatozoa might be preserved for far 


TABLE 3 


Effect of Stohing Epididymides on the Hkbpibatiun or 
Their Contained Stebmatoza, the Liberation 
of the Regulator, and the Response 
to Added Rdcjitlatob" 


Treatment 


Time epididymides were 
si 0 red at 5° C 

3 hr 27 hr B1 hr 


ZO, 


A. Control . 9 14.4 18.8 

B. Plus regulator ; 0.65 

UQlts/ml . 20.8 20.8 22.4 


Units of reguIator/lO" 
sperm cells 


C. Boiled spermatozoa . .04 ... 0.7 

I). Alkali-hydrolysed 

spermatozoa . 1.1 ... 9.2 


* One unit of regulator Is the quantity required to give a 
half-maximum response in the standard yeast assay. Bpl- 
didymal aperntatosoa were washed with buffer-salts solution 
( fl ) before experimentation. 

Respiration was measured In the presence of 0.01 M glucose. 

Alkaline hydrolysis was carried out by suspending cells In 
0.17 N NaOH and heating 10 min on boiling water bath. 
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longer periods of time than are now possible. The role 
of this regulator in sperm fertility is being studied. 
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Lack of Depolymerase Effect on 
Desoxyribonucleic Acid in Living Cells 

J. O. Ely and M. H. Ron 

Biochemical Reiearcb Foundation, Newark, Delaware 

Desoxyribonucleic acid depoly merase has been ro- 
ported to remove ultraviolet light absorbing constituents 
and Feulgen stainable material, from nuclei in sections 
of tissue, and from nuclei of dead cells ( 1, £ } 4). There 
has been no reference in the literature, so far as the 
authors know, to the use of this enzyme on living cells. 

In some experiments in this laboratory, it was found 
that the enzyme removed desoxyribonucleic acid from 
nuclei of chicken erythrocytes in smear preparations. 
After treatment with the enzyme, the nuclei failed to 
absorb ultraviolet light and did. not stain with Feulgen's 
reagent. Addition of the enzyme to freshly obtained 
chicken blood, however, failed to affect the nuclei. This 
result suggested that perhaps living cells were unaf¬ 
fected by this enzyme when it was added to the extra* 
cellular fluid; results of further investigation showed 
that this is so with chicken erythrocytes and cells of 
Walker Carcinoma No. 256 of the rat. 

Smears of chicken erythrocytes were Axed by immer¬ 
sion in 90% ethyl alcohol; they were then placed into 
fresh chicken blood to which had been added an equal 


volume of a solution of desoxyribonucleic acid depoly- 
morose. The preparations were Incubated at 37° C for 
periods of time up to 3.5 hr. In other experiments, 
suspensions of cells of Walker Carcinoma No. 256 of 
the rat in Ringer's solution were used in a similar man¬ 
lier. After incubation portions of the tumor celFenzyme 
mixtures were transplanted into rats; if tumor growth 
followed it was assurance that the cells were living during 
the experiment. 

The ultraviolet light (2654 A) absorbing material and 
the Feulgen stainable material in nuclei of the smears 
of both chicken erythrocytes and tumor cells were re¬ 
moved gradually and completely; however, there was no 
apparent effect on the nuclei of supposedly living chicken 
erythrocytes in the enzyme-blood mixture, or on the sus¬ 
pension of tumor cells. The tumor cells produced tumors 
after subcutaneous inoculation into rats; assuredly, they 
were living during exposure to the enzyme. 

The enzyme attacked colls killed by heat, formnldc 
hyde, alcohol, Carney's fixative, and ultraviolet light. 
Apparently the method of killing the cell mukos little 
difference; it appears to be only necessary that the coll 
be dead for the enzyme to act. 

Inability of tho enzyme to act on the desoxyribonucleic 
acid of living cells might be explained by: n) absorption 
of the enzyme by cell constituents other than nucleic 
acid; b) antienzyme action; c) impermeability of cell 
membranes; d) inability of the enzyme to attack nucleic 
acid in the state that it exists in the living cell. 

The possibilities that absorption und antienzyme ac¬ 
tivity prevented action of the enzymes on living cells 
wore excluded by the fact that dead cells were acted 
upon by the same enzyme solution which failed to act 
on living cells. The assumption that membranes of the 
living coll are impermeable to depolymcrase offers a 
plausible explanation for the lack of effect on living 
cells; however, it cannot be proved indisputably. 

Wliether or not other enzymes added to the exterior 
environment of living ceils would fail to act on the re¬ 
spective substrates in cells is not known. Northrop (J), 
in 1926, reported that trypsin and pepsin were not taken 
up by cells of living organisms (earthworms, Euglena, 
yeast, meal worms, gold fish, and Fundulus), whereas, 
when the organisms died the enzymes wore taken up 
rapidly from solution. 

Desoxyribonucleic acid do poly me rune did not act on 
nuclei of living chicken erythrocytes or of living cells of 
Walker Carcinoma No. 256 of the rat; the enzyme acted 
on these cells after they were killed. Lack of effect of 
the enzyme on living cells apparently was not because 
of adsorption of the enzyme or antienzyme activity, but 
may have been because of cell membrane impermeability 
or inability of the enzyme to attack nucleic acid in the 
state that it exists in the living cell. 
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NEWS 
and Notes 

National Science Foundation. 

Oil March 31, April 1, April 4, nnd 
April 5 the Hulx'ommittee on Public 
Health, Science, nnd Commerce of 
the Houb« Committee on Interstate 
and Foreign Commerce hrld hear¬ 
ings on the several bills designed to 
create a Notional Science Founda¬ 
tion. Seven of the ten members of 
Mr, Priest's Subcommittee were on 
hand when the hearings opened, nnd 
both Mr. Croatrer, chairman of the 
Committoe on Interstate and For¬ 
eign Commerce, and Mr. Wolverton, 
who was chairman in the 80th Con¬ 
gress, sat through the entire session 
and participated actively in the 
proceedings. 

Mr. Priest reviewed the history 
nnd status of the legislation before 
introducing I let lev Rronk, who de¬ 
veloped the need for a Foundation 
to guide publicly supported basic 
research. Representatives of Die 
Engineers Joint Council and the 
American Cancer Society also spoke 
in favor of the legislation, follow¬ 
ing a summary of the current Brit¬ 
ish system of public and private 1 
support of research by Sir Robert 
Watson Watt. 

Friday’s hearings opened with 
the testimony of George ft. Folk, 
advisor to the Committee on P« t- 
ents nnd Research of the National 
Association of Manufacturer*. Mr. 
Folk said that Hie NAM favors the 
creation of a National Science 
Foundation hut lie expressed a mini* 
her of objections to specific fea¬ 
tures of the present bilk. The 
seven speakers who followed Mr. 
Folk spoke much more briefly. 
Congressman James E. Vhu Znrnlt 
nnd Dean Harry P. Hammond, of 
the Pennsylvania State College En¬ 
gineering school, testified in sup¬ 
port of the bills. Chancellor R. fi. 
Giifltavson, speaking in behalf of 
the Association of Land-Grant Col¬ 
leges and Universities and the Na¬ 
tional Association of State Univer¬ 
sities, urged the principle of man¬ 


datory geographic distribution of 
research funds but said that he per¬ 
sonally believed that provisions of 
the present bills, if carried out in 
good faith, would safeguard that 
principle. Boris A. Bakhmeteff, of 
i he Engineers .Joint Council, ap¬ 
proved of both H.R, 12 and 8. 247 
but felt the Senate bill was more 
flexible nnd practical. Duel Wolfle, 
secretary of tlie Inter-Society Com¬ 
mittee for r National Science 
1 uundution, and Hugh Wolfe, of 
the Federation of American Scien¬ 
tists, suggested several specific 
changes recommended by the groups 
they represented. M. H. Trytten, 
director of the Office of Scientific 
Personnel of the NllC, presented 
statistics showing the need for the 
scholarships and fellowships which 
the Foundation would provide. 

Congressman Celler, author of 
II.R. 350, was the opening witness 
on April 4. He was followed by 
Kurl T. Compton, who endorsed Die 
hills under consideration in the 
name of the National Military Es¬ 
tablishment and itB Research nml 
Development Board. The patent 
lirovisions of the bills were attacked 
by Harold J. Kinney, a Minnesota 
patent attorney, and endorsed by 
Lawrence C. Kings! and, Commis¬ 
sioner of the II. S. Patent Office. 
Sidney Kirkpatrick, representing the 
Associated Business Papers, ex¬ 
pressed fenr that the Foundation ’s 
authority to disseminate resenrch 
findings might result in govern¬ 
ment competition with scientific and 
trade publications. 

Ex-Congressman Lnnham testi¬ 
fied on April 5. The healings were 
then adjourned until April 2fi, 
when two hours' time will be al¬ 
lowed to testimony by representa¬ 
tives of the American Patent Coun 

Dael Wolfle 


Theodore von Kormon, advisor 
on aerodynamics to the California 
Institute of Technology and the U. S. 
AIt Force, is leaving this month for 
scientific conferences in Europe. 
Dr P von Karman recently resigned 
as director of Caltech’s Guggenheim 
Laboratory of Aeronautics and chair¬ 
man of the Jet Propulsion Labora¬ 
tory Board, to devote more time to 


the Air Force and his own research 
and consulting work, but is continu¬ 
ing as advisor of the laboratories. 

Charles T. Bruee, professor emeri¬ 
tus of entomology, Harvard Univer¬ 
sity, will spend the next nine months 
doing biological research at Hilliman 
University, in the southern Philip¬ 
pines, under the auspices of the In¬ 
ternational Educational Foundation. 
Mrs. Brucs, who is accompanying 
him, will make motion pictures of 
the plant and animal life of the 
region, under the sponsorship of the 
Fulbright Programs Branch of the 
U. 8, Department of State. 

Visitors to U. S. 

Recent visitors from Britain in¬ 
clude: Sir Henry Tizard, chainnhu 
of the Defense Research Policy Com¬ 
mittee, Ministry of Defense, who 
enino for the Massachusetts Institute 
of Technology mid-century celebra¬ 
tions; S. Zuckerman, University of 
Birmingham, and R. L. Smith-Rose, 
director of Radio Research, Depart¬ 
ment of Scientific and Industrial Re¬ 
search, now visiting radio research 
establishments in the U. 8. and 
Canada. These men may be reached 
through the British Commonwealth 
Scientific Office, 1785 Massachusetts 
Avenue, N.W., Washington, D. C. 

Edy V el wider, managing director 
of the Swedish Royal Academy of 
Engineering Sciences, will arrive in 
this country, about the middle of 
April. He plans to attend the United 
Nations Scientific Conference on the 
Conservation and Utilization of Re¬ 
sources, in June, as a delegate from 
Sweden, and will nlso speak at n 
dinner meeting of the New York 
Section of the Institute of Food 
Technology on April 20. 

Grants and Awards 

Eileen R. Cunningham, librarian 
of Vanderbilt University School of 
Medicine, will be the first recipient of 
the Marcia C. Noyes Award of the 
Medical Library Association, to be 
presented at the Association’s an¬ 
nual meeting, April 11, In Galveston, 
Texas. 

The 1948 Lamme Medal of the 

American Institute of Electrical 
Engineers has been awarded to V. 
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K. Zworykin, vice president and 
technical consultant RCA Labora¬ 
tories Division, Radio Corporation of 
America, Princeton, New Jersey, for 
his contribution to the concept and 
design of electronic apparatus basic 
to modern television. The medal 
will be presented to Dr. Zworykin at 
the Summer General Mooting of the 
Institute to be hold in Bwampscott, 
Massachusetts, Juno 20-24. 

Colleges and Universities 

The Premedical Society of the 
University of New Hampshire, Dur- 
hnm, was recently installed as the 
New Hampshire Alpha chapter of 
Alpha Epsilon Delta. Harold A. 
Lillies and Albert F. Daggett, de¬ 
partment of chemistry, were initiated 
as honorary members, along with 112 
premedical students. George M 1 oore, 
department of zoology, will servo ns 
faculty advisor. 

Sigma Xi will install its 102nd 
chapter at Temple University, Phila¬ 
delphia, on April 20. Installing 
officers will be Carl D. Anderson, 
national president of the Society, 
Nobel Laureate, and professor of 
physics at California Institute of 
Technology, and George A. BaitseJl, 
executive secretary of the Society, 
and professor of biology at Yale 
University. The honorary degree 
LL.I). will be awarded to William II. 
Taliaferro, University of Chicago, 
and to Dr. Anderson, who will also 
deliver the installation address, 
“New Particles of Matter.” 

Western Reserve University’s 

Department of Physiology is offering 
a new 12-month training course in 
the disciplines of cardiovascular re¬ 
search, supported by the American 
Heart Association and the National 
Heart Institute, U. S. Public Health 
Service. If the enrollment warrants, 
the course will begin July 1; other¬ 
wise it will begin September 1. Fur¬ 
ther information may be obtained 
from C. J. Wiggers, Western Uni¬ 
versity Medical School, Cleveland 6, 
Ohio. 

The Four College Research Con¬ 
ference on Growth and Differentia¬ 
tion, whose membership is drawn 
from the faculties of Amherst, Mt. 
Holyoke, Smith, and the University 
of Massachusetts, recently held its 


first meeting at Amherst. The or¬ 
ganization, limited to active research 
workers whose projects are being 
supported by outside foundations 
such as the American Cancer Society, 
the Atomic Energy Commission, and 
the National Institutes of Health, 
offers an opportunity for intimate 
discussion of current research find¬ 
ings on growth and differentiation. 

The Zoology Department of the 
University of Massachusetts is con¬ 
ducting an integrated interaoience 
seniinur on the Organization and 
Structure of Protoplasm, Discus¬ 
sions are presented by graduate stu 
dents, members of the zoology, chem¬ 
istry, nnd bacteriology departments, 
and by speakers from other univer¬ 
sities, including E. W. Dempsey, of 
Harvard, Jytte Muus, of Mt. Hol¬ 
yoke, E. J. Boell, of Yale, and I'\ O. 
Schmitt, of the MassachuBetts Insti¬ 
tute of Technology. 

Meetings and Elections 

The Academy of World Eco¬ 
nomics announces tliut its 27th 
annual forum sessions will be held 
flic evenings of April 12 and 13 at 
the Brookings Institution, Wash¬ 
ington, D. 0. The current sessions 
on “American Foreign Economic 
Policy” will be held in conjunction 
with the National Social Science 
Honor Society, Pi Gamma Mu, and 
with the Washington chapter of the 
American Political Science Associa¬ 
tion. The proceedings of the sessions 
will be published in the July issue of 
the quarterly journal Social Science. 

The Foundation of Applied Re¬ 
search will hold a national con¬ 
ference on ova transplantation on 
April 14 in San Antonio, Texas. 
Phases in egg transfer and super 
ovulation techniques will be dis¬ 
cussed by biologists, embryologists, 
and geneticists, and a report on the 
Foundation's seven years of ex¬ 
perimentation in ova transplanta¬ 
tion, designed to enable scrub Cattle 
to give birth to registered, high 
quality animals, will be made. 

The Southeastern Section of the 
Botanical Society of America will 
hold its spring meeting April 14-16 
in conjunction with the Association 
of Southeastern Biologists, the 
Southern Appalachian Botanical 


Club, and the Kentucky-Tennessee 
Branch of the Society of American 
Bacteriologists at the University of 
Tennessee, Knoxville. A Cen tral 
States Section of the Botanical So¬ 
ciety of America has recently been 
organized and has elected the fol 
lowing officers: Paul Weatherwax, 
Indiana University, president; Ed¬ 
gar Anderson, Missouri Botanical 
Garden, vice president; and Oswald 
Tippo, University of Illinois, secre¬ 
tary treasurer. This new section 
wilt hold its summer meeting jointly 
with the Northwestern Section in 
late August at the University of 
M : ehigan and the Onnbrook Insti¬ 
tute of Science. 

The Association for Computing 
Machinery will hold a three-day 
meeting, April 10-20 at the Oak 
Ridge Institute of Nuclear Studies, 
Onk Ridge, Tennessee. This will be 
the third national meeting of the 
association. A 1 ' 604 ’ f multiplier, 
recently developed by the Interna¬ 
tional Business Machines Corpora¬ 
tion, will be demonstrated. 

Centre National do la Recherche 
Scientifique announces that a Sym¬ 
posium on Thin Films will be held 
in Marseille, France, April 10-23. 
American scientists invited are: 
John Strong, Department of Phys¬ 
ics, Johns Hopkins University; A. 
F. Turner, Scientific Bureau, BaiiBch 
and Lomb Optical Company, Roch¬ 
ester, Now York; Bruce B. Billings, 
Director of Research, Baird Asso¬ 
ciates, Inc., Cambridge, Massachu¬ 
setts; and Noel W. Scott, Radia¬ 
tion Branch, Engineer Research and 
Development Laboratories, Fort Bel- 
roir, Virginia. 

The National Academy of Sci¬ 
ences will hold its annual meeting 
April 25, 26, and 27, at 2101 Con¬ 
stitution Avenue, Washington, D. 0. 
A public lecture will be given April 
25, at 8:00 f.m., by Sir Harold 
Spencer Jones, Astronomer Royal, 
Royal Greenwich Observatory, Eng¬ 
land. His topic will be “The 
Measurement of the Sun’s Dis¬ 
tance. ’ ’ 

The Kansas Academy of Science 

will hold its SIst annual meeting at 
Kansas City College, Manhattan, 
Kansas, April 28-30. Cooperating 
societies are the Kansas Entomb- 
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logical Society, the Kansas Psycho¬ 
logical Association, and the Kansas 
chapters of the American Associa¬ 
tion of University Professors. 

The Society for Applied Spec¬ 
troscopy will hold a symposium on 
41 Theory and Application of Spec¬ 
troscopy” May 21, at Brooklyn 
Polytechnic Institute, Brooklyn, 
New York. 

The Fourth Annual AAAS- 
George Westinghouse Science 
Writing competition for an award 
of 41,000 to the writer of the out¬ 
standing newspaper story on science 
during the year 1949 has been an¬ 
nounced. Another $1,000 will go to 
the writer of the outstanding maga¬ 
zine story of the year. Both awards, 
made possible by a grant from the 
Westinghouse Educational Founda¬ 
tion, are administered by the Ameri¬ 
can Association for the Advancement 
of Science. 

The rules governing the newspaper 
competition require each entrant to 
submit three separate articles pub¬ 
lished during the contest year (in 
newspapers published in the conti¬ 
nental United States and dated be¬ 
tween August 1, 1948, and September 
30, 1949), and to designate one of the 
three as tlie entry upon which he 
wishes to be judged. All three may 
have been published by the same 
newspaper or carried by the same 
press association. 

The magazine entries must have 
been printed in an American non¬ 
technical m agnzino of general cir¬ 
culation and dated between August 
1948 and September 1949, inclusive. 
Publications printing or distributing 
the winning newspaper and maga¬ 
zine articles will receive scrolls at 
the December meeting of the AAAS, 
when the winners of the 1949 awards 
will be announced. Although articles 
appearing in AAAS journals are 
automatically ineligible, readers of 
Science are invited to nominate suit¬ 
able entries. All entries must be 
posted before midnight, October B. 

Entry blanks with detailed rules 
for the 1949 AAAS-George Westing- 
house Science Writing Awards may 
be secured from the Managing Com¬ 
mittee, Howard A. Meyerhoff, chair¬ 
man, 1515 Massachusetts Ave,, N.W., 
Washington, D. C. 


Winners of the 1948 awards of 
$1,000 were Frank Carey, science 
writer in the Washington Bureau of 
the Associated Press, for his series 
of four articles on Chloromycetin, 
and Florence Moog, of Washington 
University, St. Louis, for her article 
44 The Biology of Old Age,” pub¬ 
lished by the Scientific American. 

Herbarium specimens of about 
1,000 species have been collected on 
the Burma-India border during the 
past year by F. Kingdon-Ward on 
an expedition initiated by the New 
York Botanical Garden. The pur¬ 
pose of the expedition, begun early in 
1948, is to obtain plant material, es¬ 
pecially ornamental species, that will 
be suitable for culture In the U. S. 
To date, seeds of 260 plants have 
been received, none known to be cul¬ 
tivated in this country. The seeds 
have been distributed among the 
joint sponsors of the expedition—the 
Now York Botanical Garden, tbe 
Huntington Botanical Garden of San 
Marino, California, Edward B. Stern 
of New Orleans, and Suydam Cutting 
of New York—and additional lotB 
have been presented to growers in 
regions of the U. S. where they are 
expected to thrive. 

The National Bureau of Stand¬ 
ards’ radio station WWVH, recently 
established on the island of Maui, 
Territory of Hawaii, is now broad¬ 
casting on an experimental basis 
continuous time and frequency 
standards on 5, 10, and 15 mega 
cycles. The new station offers the 
Pacific area four useful technical 
servicet^-standard radio frequen¬ 
cies, time announcements, standard 
time intervals, and standard musi¬ 
cal pitch. WWVH'b program of 
broadcasts is essentially the same as 
that of the Bureau's Beltsville, 
Maryland station WWV and it is 
expected that the new station may 
be received at many locations not 
served by WWV in the Pacific area, 
The ultimate aim of the Interna¬ 
tional Telecommunications Union is 
to provide continuous world-wide 
coverage by means of suitably lo¬ 
cated stations all operating on the 
same frequencies without interfer¬ 
ing with the widely used services 
from WWV. 


University of Wisconsin scien¬ 
tists recently completed experiments 
which indicate that agene, the 
bleaching agent used in flour, is not 
a cause of human epilepsy, as has 
been thought, Collaborators on the 
experiment were C. A. Elvehjem, 
department of biochemistry, College 
of Agriculture - G. W. Newell and 
8. N. Gershoff, industrial fellows in 
biochemistry, T. C. Erickson, neuro¬ 
surgery, and W. E, Gilson, medical 
electronics, School of Medicine. Ac¬ 
cording to a repdJt in the February 
Journal of laboratory and clinical 
Medicine , a control group of 19 
persons, five of them epileptics, 
showed no ill effects after being fed 
a diet containing high concentra¬ 
tions of agene. The tests covered 
periods up to 210 days. 

The National Society of In¬ 
ventors, Inc., has established a 
Washington, D. C. chapter head 
quarters. Those interested in tech¬ 
nological and engineering research 
and development may obtain further 
information from Lewis H. Ren- 
shaw, chairman, or John H. Haas, 
secretary-treasurer, 930 F Street, N. 
W., Washington, D. 0. 

The new national reactor tearing 
station will be established on the 
Snake River plains of Idaho, the 
U. S. Atomic Energy Commission 
announces. Negotiations are undei 
way with the Navy for the transfer 
to the Commission of the Naval 
Proving Grounds at Arco, which are 
included on the proposed kite. The 
total area of the grounds will be 
about 400,000 acres, comparable in 
size to that of the Hanford plu¬ 
tonium production center on the Co¬ 
lumbia River in Washington. All 
but about 20,000 acres are govern¬ 
ment owned land. 

Make Plans for— 

Southern Society for Phlloeophy 
and Psychology, April 14^16, Biloxi. 
Mississippi. 

American Association of Pathol¬ 
ogists and Bacteriologists, annual 
meeting, April 15-10, Boston, Mas¬ 
sachusetts. 

American Geophysical Union, 
30th annual meeting, April 20-22, - 
Washington, D. C. 
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A Color Translating Ultraviolet Microscope 1 

E. H. Land, E. R. Blout, D. S. Grey, M. S. Flower, 

H. Husek, R. C. Jones, C. H. Matz, and D. P. Merrill 

Retearcb Laboratory, Polaroid Corporation, Cambridge, Massachusetts 


T HE DESIGN of monochromatic ultraviolet 
microscope objectives by Kohler and von Rohr 
(13, 14) f their commercial production by Zeiss, 
and their use in conjunction with photographic film 
marked an important step forward in man's ability 
to see very small structures in spectral regions where 
his eyes are not sensitive. Many investigators (cf. 
7, 8, 9j 16, 17, 21) have used this ultraviolet micro¬ 
scope in the examination of plant and animal tissues. 
Ultraviolet microscopy of such substances has been 
useful because the inherent absorption of biological 
materials in the ultraviolet region makes possible 
photography without the use of dyes or stains, and 
because the shorter wavelengths of the incident radi¬ 
ation allow approximately twice the resolving power 
that can be obtained with visible light. 

The well-known Zeiss ultraviolet microscope objec¬ 
tives, because they are monochrome te, are restricted 
to use at one wavelength for a given focal setting. 
On the other hand, the microscope described here is 
not only achromatic, but also apochromatic from 220 
to 800 mp. This makes possible a new conception 
of the method of using an ultraviolet microscope; 
namely, to use simultaneously or sequentially three 
different ultraviolet wavelengths, and to convert the 
ultraviolet images so obtained into visible images in 
three primary additive colors. When these three 
images are superposed, a visible image in full color 
is obtained. This procedure was earlier suggested by 
Bromberg and others (4, 5, 23). The colored image 
which is seen might be thought of as what the eye 
would see in the microscope if its receptors had their 
peak sensitivities at the ultraviolet wavelengths in 
question. 

We now wish to present a, preliminary 1 description 
of a system of ultraviolet microscopy and an instru¬ 
ment which employs tilts procedure. The system em¬ 
ploys photography wifh rapid development and fixa¬ 
tion to convert the ultraviolet image into a vltJftle 
image. The procedure involves image formation with 
an apochromatic ultraviolet microscope objective (11 ), 

1 TblS work has been supported since lte origination by the 
Office #f Neva! Be March. and 1 b now being sponsored Jointly 
by that Office and the American Cancer Society. 


exposure of successive areas of the Aim using three 
different wavelength bands of ultraviolet light, rapid 
development and fixation of the three latent photo¬ 
graphic images, Hnd the simultaneous projection of 
the three fixed images through three additive color 
filters to give a full-color representation of the object 
in terms of its ultraviolet absorption. Although other 
meuns of wavelength translation such as fiuorescen! 
screens and television methods have been considered 
(12), it was decided on the basis of sensitivity, avail¬ 
ability, and particularly retention of a permanent 
record, first to develop an instrument using photo¬ 
graphic techniques. 

The instrument (Fig. 1) employs a superhigh pres¬ 
sure, water-cooled mercury arc (Type A-H6) as a 
light source (A), a Wudsworth-type grating mono¬ 
chromator (B), a microscope (C) using apochromatic 
objective lenses and identical lenses as condensers, the 
camera (D) which employs 35-nun motion picture film, 
the film-processing station (E), the three-beam pro¬ 
jector (F), and the viewing screen (G). The instru¬ 
ment will be described in delail in a subsequent pub¬ 
lication, but it is perhaps worth while to mention at 
this time a few pertinent characteristics of the com¬ 
ponents now in use. 

A. ) The characteristics of the superhigh pressure 
mercury arc have been described (1, 2, 10, 22). This 
source was found to be the brightest of a great variety 
of sources examined in the region 260 to 400 mp. 
Exposure times required vary from 0.01 to 30 seconds, 
depending not only on the wavelength region, the 
film type, and developing conditions, but also to a 
considerable extent on the age of the arc. The 
achievement of proper exposure will be facilitated 
by an automatic photoelectric exposure control device 
now under construction. 

B. ) The monochromator was designed and con¬ 
structed in'this laboratory and employs a Baird Asso¬ 
ciates 15,000 line per inch grating (B,) approxi¬ 
mately 3 by 1.5 inches in area. Settings for wave¬ 
length are made reproductible by means of microm¬ 
eter-controlled stops. Band widths are controlled by 
slit size. 

C. ) The optical system of the microscope will be 
described in more detail in a subsequent communica- 
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Fuj. 1. Schematic diagram of color trAURlutlnK ultra¬ 
violet microscope: A—light source, B—-monochromator, B 1 — 
diffraction grating, C—microscope, D—camera, E—film prec¬ 
eding station, F—three-beam projector, G—viewing screen. 

tion (11). The objective and condenser arc apochro- 
raatic over the wavelength range 220-800 nifi. This 
OH course means that it is now possible to focuB the 
microscope for ultraviolet light by focusing it with 
visible light; this eliminate 3 what has previously been 
one of the moat difficult aspects of ultraviolet photo¬ 
microscopy. Two objectives, one of a reflecting type 
(ff, 18) and one of a combined reflecting-refracting 
type, having numerical apertures of 0.4 and 0.72 re¬ 
spectively, have been designed and constructed. These 
lenses fit into a standard microscope stand (Fig. 2) 
and may be used as condensers as well as objectives, 
although an achromatic quartz-fluorite ultraviolet con¬ 
denser has also been made. The objectives may be 
used without eyepieces and provide magnifications of 
77 x and 200 x before projection. Lenses of higher 
numerical aperture and with similar apochromatic 
properties are now being developed. 

D.) The main requirement of the camera is that 
successive frames be indexed very accurately (to at 
least 0.001 inch), so that the subsequent triple pro¬ 
jection is in register. Approximately 400 feet of 
35-mm Him can be used in One loading. 


£.) After the film is exposed, it moves on auto- 
matically to the Aim processing station, where succes¬ 
sive treatment of the emulsion with hot alkaline devel¬ 
oper, hot fixer,' water, and air produces within 10 
seconds u stable negative suitable for projection (3). 
The useful diameter of the processing cup is 0.7 inch, 
and therefore this is also the diameter of the devel¬ 
oped area. The principal mechanical-chemical prob¬ 
lems of fast processing, such as time cycle, tempera¬ 
ture control, and homogeneity of processing, have 
been solved. 

F.) After the development and fixation of the nega¬ 
tive image, the film is moved on to a projector, where 
three images which had been taken successively at 
three different ultraviolet bands are projected simul¬ 
taneously through three additive color filters (red, 
green, blue) upon a 41-inch circular translucent 
Hcreen. The magnification from the film to the screen 
is eight times. The resulting single, full-color image 
is reasonably sharp und bright, and may be viewed by 
several persons simultaneously. 

The relationship between the visible and ultraviolet 
bands may be chosen for maximum color contrast, 
since there are no “natural” colors. With three ultra¬ 
violet bands and three visible colors, there are six 
possible combinations of the images and filters. In 
addition there is the possibility of processing the 
ultraviolet image to yield u positive rather than a 
negative. We have examined the six negative and six 
positive color combinations, using ultraviolet photo- 



FfQ. 2. Apochromatic reflect luff-type microscope lenses In 
conventional stands : 0.4 NA objective lens (left) ; 0.72 NA 
objective lens (right) ; Identical lenses Used as condensers. 
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micrographs of tissue sections, and, on the basis of 
using equal gammas and equal background densities in 
the negatives, have selected the following as showing 
the greatest color contrasts: 


Vltr<iviolet Wavelength 

Short (.— 205 nm) 
Medium (—- 2B5 nip) 
Long (—315 m|i) 


Visible Wavelength 
Negative Positive 
Green Blue 

Red Green 

Blue Red 


We are not unmindful that with the use of other 
ultraviolet wavelengths or the use of other photo¬ 
graphic procedures, different, color combinations may 
show' better color contrast. 

In the mechanical aiTungcinent employed in the in¬ 
strument, the visible color filters are segments of a 
rotatable disc arranged so that ns each new image 
is developed and moves into the projector, nn image 
that had been projected through the same color filter 
moves out of the projector; and the two remaining 
images nre advanced one frame, along with their 
respective filters. Thus the desired correspondence of 
ultraviolet and visible wavelengths is maintained once 
it is set. 

G.) The clear screen brightness obtained Lhrough 
the three filters is about H)0 foot-lamberts. Use is 
made of a special plastie-in-pJastie screen (15) which 
gives the maximum screen brilliance, maximum even¬ 
ness of illumination, and maximum definition of any 
of the many different types of translucent screens we 
have investigated. The addition of a plastic Fresnel 
condensing lens (20), placed directly ba k of and 


in contact with the screen, aids in achieving even 
illumination. 

The device is called a color translating microscope, 
rather than a micrograph, because the manipulative 
operations involved and the general time requirements 
are rather similar to those involved in ordinary visual 
microscopy. One sits adjacent to the microscope, 
moves the slide about on the microscope stage, changes 
the focus as desired, and—without significant delay— 
studies the magnified, full-color ffinage. The instru¬ 
ment is different from an ordinary microscope in that 
it permits several persons to view the image simulta¬ 
neously, provides .permanent records of what is seen, 
and of course permits observation of specimens in 
terms of their ultraviolet absorption. 

In Fig. 3 we have reproduced three black-and-white 
ultraviolet photomicrographs of the type used for 
color projection. Unfortunately, since full-coloT print¬ 
ing is not used in this journal, we ai^ unable to repro¬ 
duce a color photomicrograph with this article. 

Finally, it should be pointed out that the 35-mm 
black-and-white film, w r ith its groups of three images, 
each corresponding lo a different ultraviolet band, 
provides a permanent photographic record of each ex¬ 
periment, which can be examined at leisure, or each 
group of three images may be processed into a single 
full-color photogruph. For example, a picture may 
be taken of the image on the projection screen with 
color film such as Kodachrome or Ansoocolor, ot the 
binck-flnd-white negatives may bo used as color sepa¬ 
ration negatives in the Technicolor or Polacolor proc¬ 
esses. This color film may then be viewed in an ordi¬ 
nary 35-mm inolion picture or slide projector, thus 



Tie. 3, Positive print from a 35-mm Him strip showing three pictures ttften nt peak transmissions of 8X5 mi* (left), 285 
mi* (center), and 205 mp (right) ; band width approximately 10 mp In each case ; photographed with 0.4 N£ apochromatlc 
reflecting lenses used ns objective and condenser; subject, unstained Intestinal carcinoid showing argentaffins cells; specimen 
(furnished by Dr. Mnnrlce L. Feohet, Children’s Hospital, Boston, Massachusetts) prepared by formalin fixation, embedded 
In paraffin, cut at 4 n thickness, and mounted In glycerin on Vycor slide, 
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making possible careful, prolonged study of subjects 
of ultraviolet color-translation photomicrographs. 


We wish to acknowledge the invaluable technical at- 
iittance of the following members of our research stag: 
Mfiiri, A. G. Carpenter, M. Fairbank, M, Parritb, Jr. t N. 
T, Pierce, and S. A. Stone, and alto Dr. S. S. Ballard , Con- 
tultant in Pbytici to Polaroid Corporation. We are in¬ 
debted to Dr. R. C. Mellon and Dr. C. P. Rhoadt of the 


Sloan-Kettering Institute for Cancer Research for supply¬ 
ing us with many tpeeimeut of tissue used (10) and for 
valuable advice and encouragement from the inception of 
this work , We also with to acknowledge the excellent 
cooperation of Mr. L. V. Foster and the stag of Bmuseh 
and Lamb Optical Company in the construction of the 
microscope lenses , that of Dr. H. C. Y utxy and the stag 
of Eastman Kodak Company in supplying special photo¬ 
graphic films, and the able assistance of Mr. Clifton Tuttle 
of Kenyon Instrument Company in the engineering of the 
developing unit and projector. 
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Examination of the Target Theory by Deuteron 
Bombardment of T-l Phage 


Ernest C. Pollard and Frederick Forro, Jr . 1 
Biophysics Division, Yale University 

T he biological action of ionizing 

RADIATIONS in of great current impor¬ 
tance. The effects produced are often readily 
measured and a clear understanding of the process 
involved is therefore capable of yielding structural 
information about biological systems. 

Lea (2) has examined carefully the target theory 
of biological action according to which q localized 
sensitive volume of definite size exists and within 
which there must be considerable liberation of energy 
for biological action to take place. This direct action 
is certainly not the only action and Lea has pointed 
out that indirect fption by free radicals and by hy¬ 
drogen peroxide will occur, particularly at low con¬ 
centrations. According to bis views a specimen ir- 

1 We wish to tbank Mn. Marjorie Resume for very valu¬ 
able help with the phage auayfl, Mr. F, Blehee for help in 
construct log the bombarding equipment, and Dn. P, R. Burk¬ 
holder and D. M. Bonner tor much Interest and helpful advice, 


radiated in high concentration, and in the presence 
of a high concentration of large molecules, should have 
a low efficiency for indirect action and the direct, tar¬ 
get type action should predominate. 

There is today some question as to whether direct 
action ever occurs, since the similarity of action of 
mutagenic agents like nitrogen mustard and of X ra¬ 
diation is very striking, and certainly mutagenic 
agents must operate by collision rather than by pene¬ 
tration and ionization, 

In view of this present uncertainty it appeared to 
us to be worth while to examine the target theory care¬ 
fully in bombardments where it should certainly be 
valid. For this we chose T-l bacteriophage (1) which 
acts on B. colij strain B. This phage has a spherical 
head, diameter 50 mji and a long tail, length 120 mp. 
of diameter 10 mp. No complex genetic structure has 
been reported for this pbage. We found it to be 
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stable in broth, 0,4 grams percent. The stability was 
not affected by evacuation for several days, Our pro¬ 
cedure was to bombard T-l phage preparations in 
vacuo with a deuteron beam of known energy and to 
study the cross section of target resulting from such 
bombardment. By varying the energy of the deu¬ 
teron beam the ionization density can be varied 
smoothly and accurately and a test of the target the¬ 
ory made. 

Since the deuterons go in si might lines, distributed 
in n random manner in area, the target calculation as¬ 
sumes only thnt a deuteron passes through the target 
area. The chance of inactivation of A phage par¬ 
ticles having u target area S each is then SN/A where 
A is the area of the whole preparation. The actual 
number of hits is given by - dN, and Lhe chance is 
this number divided by the total beam, which is the 
preparation area times the number of deuteron8 per 
square centimeter or dB . This expression for the 
chance is - dN/A dB, and equating the two we have 
SK _dIN 

A “ A dB 

which leads to the relation dN/N = -S dB or on in¬ 
tegrating 

o 

where N () is the number of phage particles present 
initially. When JV/JV,,- 37%, SB = 1 and in this way, 
by measuring B, S can he found. 

The results are plotted as percent survival versus 
number of deuterons per cm 2 and show that relation 1 
is obeyed. The results for three different beam ener¬ 
gies are shown in Table 1. 


TABLE 1 

Bearn 

energy 

(Mev) 

Energy 
loan per 
cm air 

(Mev) 

B Tor 

B7% 
HUrvlvHl 
(x 10 u 

(IPUtCl'OIIH) 

Apparent 

rndius 

IU|1 


3 .fi 

0.16 

1.2 

10.0 

2,0 

0.25 

1.04 

17.5 

l.B 

0.40 

0.83 

IB,a 


The value of the apparent radius, assuming the 
target to be a spherical volume, in given, together with 
the value of B for 37% survival end the energy loss 
of the beam per centimeter air equivalent, 

The number of ion pairs introduced into a target of 
this volume is in each ease in excess of 8 so that on 
the simple hypothesis of Lea that one ion pair lib¬ 
erated in the target produces inactivation, the target 
should appear to have the same area. The fact that 
it does not requires Some modification of the theory. 
In order to have some basis for this modification, 


we studied the temperature inactivation (in broth) of 
the same phage. The results are given in Table 2. 

TABLE 2 


Temperature 
{ absolute) 


K ( Beer 1 ) 


:ua 

2.78 x 10^ 

338 

7.94 X 1(H 

a an 

1.03 x 10 * 

aas 

5.03 x 10-» 


These show that there is an activation energy for the 
inactivation process of 73.6 kcal per mole or 3.2 ev. 
This, of course, includes a large amount of entropy 
change. Nevertheless, if it is assumed that the ab¬ 
sorption of 3.2 ev of energy in a target of diameter 
about 30 1114 will cause inactivation it is possible to 
estimate the distance from which radiation can reach 
the target to produce inactivation. This distance in¬ 
creases with ionization density and accounts for the 
apparent increase in the target area. 

It is therefore proposed that Lea's hypothesis be 
modified by including the possibility that inactivation 
can he caused by secondary radiation reaching the 
target from an ion path which does not go through 
the target. An approximate quantitative treatment 
can be given as follows. Suppose 1 ev/cm a are re¬ 
leased by the deuteron. Let the path of the deuteron 
npprouch within a distance y of a target of radius JJ. 
Then it cun be assumed that approximately the in¬ 
tensity at the surface of the target is al/y, where a 
is some slowly varying quantity dependeht on the 
proportion of energy emitted as ultraviolet light suit¬ 
able for inactivation and on absorption in the medinm. 
If the absorption coefficient of the target is 4 then 

the energy absorbed is approximately —-- so 

that the condition for inactivation is 

2«mIR^ = 3 2 

y 

2*48 H 3 
3.2 

This equation cannot be interpreted literally since 
the requirement that 3.2 ev be sufficient is clearly only 
a hypothesis and also the approximations regarding 
absorption are rather rough. 

Howevef, the ideas it expresses can be put to good 
use. If one regards the term in brackets as constant, 
and it is essentially so, One can write 

y + R = constant ■ I + R 

Now y + R is the radius of the apparent target volume 
as calculated above. When y + R ha plotted against l 

(Continued on pope JSC.) 



This can bo rewritten as y = £ 
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TECHNICAL PAPERS 


Direct-reading Photocolorimetry 


John G. Reinhold 1 

The Pepper Laboratory of Clinical Medicine, Hospital of 
the University of Pennsylvania, Philadelphia 


The use of photocoJorimeteva is becoming increasingly 
widespread and in man3 T laboratories has completely sup¬ 
planted the visual colorimeter. When largo numbers of 
analyses are iirndp, the calculation of results may become 
a time-consuming chore. It is possible to simplify such 
calculations by an expedient whereby the scale Tendings 
BTe made to express directly the quantities of the un¬ 
known substance analyzed. When applied to the analysis 
of blood sugar, the result in mg per 100 ml can be rend 
directly from the scale of the Klett -Summer son photo- 
colorimeter. The method is Applicable also to other types 
of pliotocolorimeters. 

The relationship between the density of the color in 
the solutions derived from the standard and unknown 
samples and their respective concentrations is illustrated 
in the equntion 


- (Ru - Bb) 


(R. 



in which C u and C g are the concentration of material 
analyzed in unknown and standard samples; M Uf M Bt and 
Rt are the rcudings in terms of optical density of un¬ 
known, standard, and blank samples. 

If Mb reads zero or if the instrument is adjusted so 
that Mb = 0 then the foregoing expression becomes 



a 

R, 


It will be seen that if M„ - C Bj then C m =M u and no cal¬ 
culation is necessary. This relationship seldom Is en¬ 
countered; however, it cau he established or closely ap¬ 
proximated by selection of a Alter or wavelength setting 
that will have the effect of expanding or contracting the 
light absorption for each unit of substance to make it 
divisible evenly into the units of the scale. An adjust¬ 
ment of shutter or galvanometer Betting then can make 
Mm equal to C„ or to some simple multiple of Cm, fiC B . 
Then 


(^(IL-Ru + d) 


a 

(R„ - Ri, -}• d) 


where d represents the effect of the shutter adjustment. 
If the relationship between light absorption of the solu¬ 
tion and Alter is such that the change from -Kf, = 0 to 
Jt s = nCfl is small then d will be small and for values 


1 The technical nsnlstiince of Misses Jane Bourne and 
Rhoda Greenberg Is acknowledged with th inks. The paper 
Includes several helpful sungeslions made by Dr, J. Harold 
Austin. 


of C u near C B , M„ will be approximately equal to C M . 
The error at C lt - 0 is given by the deviation of Mb from 
zero. 

To illustrate, Ibe following procedure was used in 
adapting the Somogyi-Nelson blood sugar method to this 
system of measurement by means of a Klett-Summerson 
photoeolorinietcr. Three standard solutions containing 
glucose equivalent to blood sugar concentrations of 50, 
100, and 200 mg per 100 ml respectively, and a blank 
tube containing reagents only wore prepared together 
with (he unknowns. A Alter having maximum transmis¬ 
sion at 540 mp, was tested first. With the cuvette con¬ 
taining the blank in position and the dial scale sot at 
zero the shutter was adjusted to give a null reading on 
the galvanometer. Next the three standards were rend 
and scale readings of 05, 120, and 245 were obtained. 
Since these values were not conveniently convertible to 
the corresponding blood sugar values, a Alter having 
maximum transmission at 500 inp was tested. The ad¬ 
justment of the blank to zero was repeated, and the three 
standards now read 54, 103, and 205. These readings 
approximated the desired rauge and this Alter conse¬ 
quently was selected. For measurement of blood sugar 
in the normal rauge, the cuvette containing the 100 mg 
standard was placed in the instrument. The dial was 
set to 100 and the galvanometer restored to the null 
point by means of the shutter adjustment. Readings of 
the unknowns were then taken diroctly from the dial. 
They agreed (within the limits of error of the readings) 
with the blood sugar values for the same specimens cal¬ 
culated by a conventional procedure. 

When the method is applied to photocolorimcters scaled 
to rend transmissions, a setting is selected that will give a 
simple fraction when converted to optical density. To 
illustrate, the method used in this laboratory for determi¬ 
nation of cholesterol employs the Evelyn photocolorimeter. 
Two standards containing 0.4 mg and 0.S mg of choles¬ 
terol together with the unknown samples are treated with 
acetic anhydride and sulfuric acid. With the reagents 
currently in use, and when conditions for development of 
color are kept uniform, galvanometer readings of the 0.6 
mg standard closely and consistently approximate 52. 
With the colored solution derived from the 0.8 mg stand- 
nrd in place, the galvanometer is set nt 31". The op¬ 
tical density (L value) corresponding to this is 0.496. 
Dividing it into 0.8 gives a quotient of 1.6, While this 
quotient is not a whole number, selection of a serum 
sample of the proper eise, in this instance 0,16 ml, simpli¬ 
fied the final calculation. The result, expressed as mg 
of cholesterol in 100 ml of bloodi Is obtained by multi¬ 
plying the L value by 1000, Similarly, the second stand¬ 
ard, if needed, Is set at Ofl 1 giving an L value of 0.250, 
Since the color developed is not entirely stable, each 
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standard is replaced in the instrument nt regular inter¬ 
vals and the setting readjusted to maintain the stand¬ 
ards ut the desired L values. Marked change in readings 
or lack of consistency in the color developed by the stand¬ 
ards would preelude use of the simplified method, al¬ 
though the same objection would apply to results ob¬ 
tained by conventional procedures. 

The necurncy obtained will depend on the extent tn 
which the readings of the standards deviate from the 
desired scale values and the consequent extent of the 
shutter or galvanometer adjustment, It 1ms been pos¬ 
sible to select filters or alter sample sizes so that this 
deviation was kept to less than 5 mg per 100 ml for 
blood sugar, 1 mg per 100 ml for blood urea N, and 0,1 g 
per 100 ml for serum protein in a range of values ordi¬ 
narily encountered. If the iitetminaat adjustment re¬ 
quired is appreciable, error will increase in proportion 
(1) ns zero ia approached 1 , mid (2) ns the difference be¬ 
tween concentration of tlie unknown and that of the 
standard increases. 

Application of this method of calculation does not 
necessarily require that standards bo included witli each 
nut:. In clinical laboratory procedure, however, this is 
desirable regardless of the system of cn leu lotion em¬ 
ployed, particularly when equilibrium reactions like those 
involved in blood sugar determinations are utilized. 

The method described demotes partially from the ac¬ 
cepted principles of photometry and any new applications 
should bo thoroughly tested. Furthermore, it deliberately 
introduces an approximation and thus should be used with 
discrimination. However, It is suitable for many pur¬ 
poses and has proven to be of great convenience where 
large numbers of analyses are required in a minimal 
period ns in the clinical laboratory. Here it has expe¬ 
dited analyses and decreased the numltor of errors arising 
in calculation of results. 

The simplified procedure has been applied to determi¬ 
nations of blood sugar, urea nitrogen, serum total protein, 
and free and esterifled cholesterol. The results in each 
instunco have agreed closely with those obtained by the 
standard method of readings. Differences have been 
small and without statistical significance. 


The Separation of Plirine and Pyrimidine 
Bases and of Nucleotides by Ion Exchange 

W.ldo E. Cohn 

biology Div Mos, Oak JUdgc National Laboratory t 
Oak Ridge, Teanattaa 

As a prelude to tracer studies on the enzymatic forma¬ 
tion and degradation of nucleic acids, we have under¬ 
taken to develop Ion exchange techniques for the separa¬ 
tion and analysis of the various bases, nucleosides, and 
nucleotides at the milligram level. Although this tech¬ 
nique is finding increasing application in biochemical 
studies for separation of these compounds (8, 9) and 
others ( 1, 8, 6 , 7), we were led independently to its use 



FKJ, 1. Separation, of purine and pyrimidine buRCH by 
cation exchange. Rmchanger: 8.1 cm X 0.74 cm 1 l>nwei-50, 
oa. BOO me afc, form. Eluting aqIuHsa ; iWF-ffCT at 0,0 
ml/mln, Tent material: 0.5 mg mwU, 1.0 mg.each of 
adenine, guanine, and cytosine, In 7.D ml 2AT-HC1. He- 
uoverlett : 98.5-101.G% (based on option] density at 260 mu). 

through our earlier experience with radioisotope separa¬ 
tion by ion exchnnge chromatography (4, 11). The.pres¬ 
ent note describes briefly methods we have developed for 
the separation of each of the purine and pyrimidine bases 
and of the ribose nucleotides. 

Of the five naturally occurring purine and pyrimidine 
bases, three (cytosine, gunnine and adenine) exist as 
cations in solution of pH < 4 and hence are able to com¬ 
bine with cation exchangers. Since theiT affinities for the 
cation exchanger differ, they may be eluted successively 
with such simple reagents as HC1 or NaCl; this is dem¬ 
onstrated in Fig. 1. This procedure does not separate 



Fill. 2. Separation of porlne and pyrimidine bases by 
anion exchange. Mm hamper : 8.0 cm x 0.74 cm 1 Dowex-Al, 
ca. BOO mesh, Cl- form. Eluting eolation: 0.217-NH^OH- 
NH*C1 buffer, pH 10.0, 0.025 If-Cl- (at B7B ml, pH changed 
to 10*0, Cl' to 0.1 if), at 0.25 ml/mln. Test mot aria l: l mg 
cytosine, 2 mg each of other bates. In 10 ml elutlug solu¬ 
tion. Recoveries: 07.5-99 % (based on optical density at 
265 mu). 
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the non-ionised bases, thymine and uracil. Since these 
will not usually be encountered together, no disadvantage 
attaches to this fact, but it is easy to separate thorn, as 
well as the other three substances, by resorting to anion 
exchangers 1 and alkaline solutions as shown in Fig. 2." 
Recoveries by both procedures, based on spectropho- 
tometric absorption in the ultraviolet (260-265 mp) are 
essentially quantitative. Identification of components 
was made by the shape of the ultraviolet absorption curve 
nnd by partition chromatography (5). 3 



Fia. B. Separation of mononucleotides of yeast nucleic 
acid by cation exchange. Ewchanger: 24 cm x 0,74 cm 1 
Dowex-50, ca. 800 meeh, H* form. Eluting agent : 0.1 M 
acetic add at O.IB ml/mln. Test material: 100 mg mixed 
nucleotides, recovered from their Ba salts following 0.6 N- 
Ba(OH), hydrolysis of yeast nucleic acid (conversion of 
nucleic acid to noraonucleotides not quantitative), In 10 ml 
0.1 if acetic acid, .Recoveries : 85-100% (based on optical 
density nt 200 mp). 

The nucleotides of yeast nucleic acid (uridylic, cytl- 
dylic, guanylic and adenylic acid) exhibit to some degree 
the basic properties of the purine or pyrimidine constitu¬ 
ent; this is modified by both size and the negative phos¬ 
phate group with the result that the exchanger to-ion 
bond is considerably weaker. Weak acids have been 
found to be the most practical eluting agents and a sepa¬ 
ration by means of dilute acetic acid is demonstrated in 
Fig. 8. Recovery of the starting material, based upon 
absorption at 260 m^, varies from 85 to 100%. In the 
absence of pure starting materials (the commercial prep¬ 
arations showing 5-50% impurity by these methods), it 
is difficult to do better than this without an extensive 
series of preparations of pure compounds. It is possible 
that there is a significant amount of acid hydrolysis of 
purine nucleotides occurring during their stay in the ex¬ 
changer bed but we have not been able to prove this con- 

1 The Dowex-Al anion exchanger, u strong base, was 
kindly furnished ns by Dr. L. Matheson of the Dow Chemi¬ 
cal Company, Midland, Michigan. 

■These experiments were carried out by Mr. J. X. Kb yin. 

■We are Indebted to Dr. C. B. Carter not only for the 
chromatographic analyses but also for continued encourage¬ 
ment and assistance during the course of these, experiments. 


clusively. Regardless of this possibility, the method as 
it stands will isolate the bulk of each constituent in spec¬ 
trophotometries lly pure form. 

Concentration and metathesis of the large volumes col¬ 
lected in the separations are easily achieved (£, 10 ), 
where evaporation is undesirable, by recycling the effluent 
through the same column, washing with water to remove 
residual acid or base, and then eluting with a reagent 
which removes the adsorbed ion rapidly (e.g., NH 4 OH in 
the acid separations). 

Although the separations reported are all at or near 
the milligram level, we have been able to effect practical 
separations on the same size columns on up to nearly 
100-mg amounts. The lower limit is, of course, set by 
the limit of detection. At the higher levels, overlapping 
of bands becomes more prominent because of the relation¬ 
ship between the concentration of an ion and its distribu¬ 
tion coefficient (7.5?). 

The details of these aud related separations, with ex¬ 
amples of their application to specific problems, will be 
reported elsewhere. 
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A Simplified Procedure (or the Analytical 
Extraction o( Lipids 1 

JoMpb J. Kolb 

Lankenou Hospital Research Institute and 
The Institute for Cancer Research, Philadelphia 

Recently Hsiao (£) described a procedure for the ex¬ 
traction of lipids from fish tissues. When this procedure 
was applied to pulverized, moist, mouse muscle tis¬ 
sues certain difficulties were encountered. The tissues 
clumped, adhered to the walls of the extraction tube, and 
did not disperse during the extraction period, thus in¬ 
terfering with complete extraction, 

In order to circumvent these difficulties, to expedite 
the extraction of comparatively large numbers of 
samples, and at the same time to attain the fine state 
of division recommended by Bloor (I) the following 
procedure was developed. 

The method of preparation of the tissue for extrac¬ 
tion is that of Floyd (£) and Singher (6). A glam 

1 Aided by a grant in memory of Mary Frances Sarkisian. 
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mortar with pestle is placed in an evaporating dish, and 
surrounded by and Ailed with solid carbon dioxide; after 
thorough cooling of the mortar and pestle, the dry ice 
is removed from the mortar. The excised tissue, which 
has been stored in vials over dry ice, is thawed just 
enough bo as to be transferable to the mortar, and dry 
Ice equal to about three times the volume of the tissue 
is then added. When the tissue is again frozen solid, 
the mixture is ground until a fine homogeneous powder 
is obtained. Bmull bits of dry ice are, if necessary, 
added during the grinding. The ground powder is then 
transferred to a viol and the Carbon dioxide allowed to 
evaporate until u pasty mass is obtained. As soon os 
this change has taken place the tissue is again frozen 
solid. 

Samples of approximately 200 mg of the partially 
thawed ground tissue are weighed into 50 ml conical 
centrifuge tubes equipped with a 24/12 X outer joint." 
The tube is hung on a balance by an easily made sup¬ 
port (4). Five ml of 95% ethanol is added and the 
tube is stoppered and allowed to stand until the entire 
series of samples have been weighed (usually 6 or 12 
samples). The samples are then thoroughly dispersed 
with the aid of a stirring rod, and sufficient alcohol is 
added to each tube to wash down the walls and the 
stirring rod so that a total of 10 ml of solvent is used 
for each 200 mg of moist sample. 

Pyrex #2480 Allilin condensers (200-mui jacket, 19/38 
X joints) am connected to the centrifuge tubes by spe¬ 
cial adapters. These adapters are provided with an 
inner 24/12 X joint and an outer 10/38 X joint." 

The heat source is an electric digestion furnace as de¬ 
scribed by Miller and Miller (5). Rate of boiling may 
be controlled by using either n variable transformer or 
by adjusting the height of each tube above the beating 
element. When the 10-min boiling period is completed, 
the extraction unit is raised from the heater. After cool¬ 
ing to room temperature, contents of the tubes are 
swirled to wash down solids that creep up the walls dur¬ 
ing extraction. After centrifuging 10 min at 3,000 rpm, 
the clear supernatants are decanted into tared aluminum 
weighing dishes (Fisher Scientific Co. #8-732). The 
dishes with contents are placed in a desiccator over cal¬ 
cium chloride under moderate vacuum. The extraction is 
repeated with an additional 10 ml of ethanol and the 
remitting supernatants are added to the dishes. 

In order to insure complete dryness, the residues are 
placed on the following day into another desiccator over 
fresh calcium chloride under high vacuum. 

If dispersion during boiling is thorough, the second 
extraction does not yield more than about 9% of the 
weight of residue resulting from the first extraction. 

Eighteen samples in duplicate of normal and cancer 
tissue of mice were extracted, with an average difference 
of 2% between the results of pairs. The average sample 

4 These versatile centrifuge tubes may be obtained by 
special order from either Ace Glass, Vineland, New Jersey, 
or Coming Glass Works, Coming, New York. 

■Made by J. F. Uhrig, 4104 North Fifth Street, Phila¬ 
delphia 40, Pennsylvania. 


weight used wus 224 mg, and the evaporation residues 
ranged from 9.5 to 14.0 mg. 

The following additional information may be obtained 
from a scries of extractions. If the insoluble residue is 
dried in the centrifuge tube at 100° C overnight and 
weighed, the sum of the weights of the soluble and in¬ 
soluble portions will give a value which agrees with 
that of independent drying experiments on the whole 
tissue (100 ±3%). When this insoluble residue is ashed 
overnight in the centrifuge tube at 450°, and the result¬ 
ing ash weighed, a correction for soluble ash can be ob¬ 
tained provided the total ash is known. The soluble ash 
in our series was 58 ±5% of the total ash or 14% of the 
evaporation residue. 
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Evidence chat Amputation of Bacterial 
Flagella Does Not Affect Motility 

Adrianas Pijper 

Institute for Pathology , University of Pretoria, 

Pretoria, South Africa 

In previous papers (.7, f>, S t 10 , 11 , 1£) the somewhat 
revolutionary theory was proposed that the motile bac¬ 
teria which btc commonly credited with flagella do not 
move by means of Huch flagella, but by means of undu¬ 
lating gyrating contortions of their spiral-shaped bodies. 
Bacterial flagella would then have to bo regarded, not 
as motor organs, but as mucous twirls peeled off from the 
mucous capsule, through the very movement of the bodies. 

Acceptance of this theory would have far-reaching con 
sequences. When applied to bacteria, the word " flagel¬ 
lum " (which means “whip") would have to be invested 
with quite a new meaning, or elso be given up and re 
placed by something like "mucous twirl. 1 ' "Bacillus” 
and * * bacterium' 1 (moaning "rod") would become mis 
nomers in many instances, because although a rod need 
not be straight, an object which definitely has the shape 
of a spiral, or rather coil, cannot reasonably be termed 
a rod. Apart from nomenclature, the new theory would 
obviously affect classification in a fundamental manner. 
This might, however, at tho same time lead the way to a 
phylogenetic classification. Teachers might like the new 
theory, for with less emphasis on the appearance and im¬ 
portance of "flagella," irksome "flagella staining” 
might be given up! 

Notwithstanding my several publications on the sub¬ 
ject, nnd the production of a clnemicrogrftphic flhn in 
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which the new ideas are worked out step by stcp,i the 
new theory has received scant attention. Stuart Mudd 
(■/) merely etoted that it wns not bo. With the exception 
of the new-edition of Zinsser's T> xtbooh' of bacteriology 
(fJ), which gavo it * ‘honorable mention" in the form 
of a very adequate description, bacteriologists seem re¬ 
luctant to make up their minds. Conn and Elrod (J) 
have published some criticising; mostly bnsed on electron 
photomicrography with its unavoidable artifacts, r but 
they left most of my arguments mums\ yc red, and in 
their final summing up the question was still not settled. 
Van Iterson based her criticism mostly on electron 

micrographs ot the large spirilla, like Spirillum volutaru i, 
and I have ju^t been able to show (13) that in this par¬ 
ticular group #f microbes the suppused flagella are of au 
unusual kind fend have nothing in common with those of 
vvliat are usually termed motile Inu-terin. The new edition 
of Bergey’s Manual (1) and the new textbook of Fro¬ 
bisher ( 3 ) avoid h 11 reference to my divergent views. 
Tanner and Tanner (13) in the new edition of thoir text¬ 
book mention the possibility of “u contractile membrane, 
or a snake-like movement " in motile bacteria, but fit the 
same time they copy a drawing which shows Salmonella 
typhoaa surrounded by more thun a hundred flagella. 
This is of course in keeping with the old belief that 
motile bacteria "lead a double life," one inside the cell 
wall and another one outside it, unless one subscribes to 
tho still stranger assumption that a cell wall may be 
pierced by flagella in more than n hundred places. 

In this note I bring a further argument, based on a 
recent experiment, in support of the new theory. 

By using my sunlight dark ground technique (7, 9) I 
have shown that Salmonella typhoaa (chosen because it 
is a typical representative of motile bacteria) when 
grown in suitable broth, exhibits a long thin tail when 
it is moving fast (Fig. 1). This tail can be seen on 
occasion to untwist itself into a number of wavy threads 
which arrange themselves in irregular fashion around the 
bn etc rial body and then after a while float away or dis¬ 
appear, All this is illustrated in the motion picture 
mentioned before. Their appearance and arrangement 
correspond to the traditional pictures of Stained peri- 
trichous flagella and the supposed flagella of electron 
micrographs. Obviously then, the tails of Fig. I ure 
twisted bundles of what are commonly called bacterial 
flagella, and if these "flagella" were motor organs 
then the tail would he a motor organ. 

On a previous occasion (10) I have shown that Salmo¬ 
nella typhoaa f when grown in unsuitable broth or in 
simple peptone water, does not a/iote tails and yet is 
perfectly motile. From this it would seem to follow that 
motility is not dependent on the presence of the tail, 
or in other words, that Salmon* Ua typhoaa can propel 
itself without outside inn tor organs. As a counterargu¬ 
ment one might suy that in such unsuitable culture media 

1 Thls motion picture la avn liable from Prof. Harry E. 
Morton, Chairman of the Committee on Materials for Visual 
Instruction In Microbiology, Society of American Bacteri¬ 
ologists, University of Pittsylvania, School of Medicine, 
rhllsrlelphla 4, Pennsylvania. 
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the tail might have become too thin to be visible. I 
have therefore this time gone a step further and taken 
a culture of Salmonella typhoaa in suitable broth, wherein 
nearly evwwy' individual whn very motile and showed" a 
good tail in the sunlight dark ground microscope, nnd 
then I have literally taken off the tails. This can be 
done by subjecting a portion of the culture to vigorous 
shaking for In minutes. The apparatus used was a 
Grifhn & Tfttlock Microid Flask Shaker, and it really 
vibrutes more than it shakes. After this treatment the 
culture was again examined under the microscope; prac¬ 
tically all the tails had disappeared but motility was 
ns good as before the treatment, and as good as in the 
untreated portion, which still showed excellent tails. The 
bacteria in both portions exhibited their curious gyrating, 
undulating movement, which shows that during active life 
they are spiral-shaped, ami evidently this movement is 
quite adequate to propel them. The whole experiment 
was repeated six times on different cultures, always with 
the same result. 

The fact that one can, os it were, amputate the so- 
called flagella from motile bacteria and not interfere with 
their motility shows conclusively that such "flngelln " are 
not motor organs. 
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A Simple Technique for Continuous 
Registration of Blood Flow 1 


G. K. Mm 

Department of Pharmacology of the 
University of Hickfuif, Ann Arbor 


Metlio<lft uiied in research laboratories for recording 
blood flow such as thermoelectric flow meters, the ro¬ 
tameter, and the photographically recording differential 
manometer, are either too complex or too delicate for use 
In student laboratories. The bubble flow meter, while 
simple, lias the disadvantage of giving point determina¬ 
tions rather than a continuous record. For purposes of 
demonstration or student laboratory experiments we have 
adapted a technique described by Flpisch ( l) f to permit 
registration on smoked paper. Although no original 
principle is involved, the following description is offered 
in the belief that othorB may find the instrument useful. 

As first described, a closed U-tube Containing dyed 
chloroform was used for recording the pressure drop 
across a stainless steel cannula (£). Eymographic rec¬ 
ords wore obtained by following the wnter-chloroform 
meniscus manually by means of a pointer attached with 
thread to a recording stylus. In its present form, a mem¬ 
brane differential manometer is arranged to inscribe 
directly on the drum. 


ro 

a> 

Z 

z 



I'm. 1. Cannula and munomclpr drnwn lu snnie scale. 
Internal diameter of cannula at constriction, 1.05 nun. 


The cannula is made of stainless steel; the inner sur- 
fnce is polished and coated with a silicone preparation. 
The dimensions given in the diagram (Fig. 1 ) are suit 
able for recording femoral arterial flow in dogs of 12 to 
18 kg. The ends of the cannula are tied centrally and 
peripherally into the femoral artery; since blood is not 
diverted from the animal no warming devioe is required. 
The side tubes are connected through transparent plastic 
tubing to the brass manometer capsule. A short, augment 
of rubber tubing attached to the distal side tube of the 
canuuln permits introduction of a fine hypodermic needle 
directly Into the blood stream. 

The manometer capsule consists of a central cylinder 
threaded to receive the two end pieces, one serving as a 

^ Development of this apparatus was began when the author 
was at Harvurd Medical School and was completed at the 
University of Michigan. 
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Fin. 2. UeeorflH of nrtprlnl pressure (nbovp) nml femora! 
arterial flow (below) ; two experiments. Epinephrine (left) 
und glyceryl trinitrate (right) were Injected Intra-arterially 
anil Intravenously. The upper scale represents pressure In 
mm Hg ; the lower, hjnnd How In rc/niln, Time slumil : left 
rrttCftin;, fO'siec; right tracing, 1 min. 

tainbour anil the other as u cup. The tambour piece, 
fitted with dental dam tied in place with very little ten¬ 
sion, is screwed into the cylinder. Stopcock grease ap¬ 
plied to the threads ensures a water-tight seal. A short 
piece of wire is inserted through the fulcrum holo in the 
side of the cylinder, mid the flattened efld is cemented 
to the center of the rubber membrane with an aqueoiis- 
Inise latex suspension. The fulcrum is scaled off from 
the inside with several routs of the same cement, care 
being taken to obtain a water-tight joint, while allowing 
adequate flexibility for tho movement of the lever arm. 
The cap Is then screwed into place, and the instrument 
is filled with saline solution. A light pointer about 20 
cm long is attached to the projecting end of the wire 
lever arm. In use, the capsule should be mounted cup 
down so that the weight of the lever presses tbo inner end 
up against the membrane. 

Tho cnnnula itself needs to bo calibrated only once. 
This is done by passing blood at body temperature 
through the instrument and recording the pressure dif¬ 
ferential at various rates of flow by means of a closed 
U-tubo containing chloroform under water. It should be 
recalled that 1 era difference in height between the two 
chloroform menisci is equivalent to approximately 0.5 
cm of water. The imufometer capsule can then be cali¬ 
brated when desired by applying a measured pressure 
differential to tho two outlets. In our experience, at low 
flows the calibration curve approximates that predicted 
from the Poiseuiile equation. At higher flows the pres¬ 
sure difference exceeds that predicted by the equation. 

Heparinization of the animal is of course necessary. 
We have used a priming dose of 2 to 3 mg/kg, followed 
by continuous infusion of about 2 mg/kg/hr. 

Records of arterial flow and pressure obtained in class 
demonstrations are illustrated in Fig. 2. 
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Inhibitor in Onion for Starch Synthesis 

H, C. Eysesr 

Chariot P. Kettering Foundation, Antioch College 

Most plants store starch in the chloroplasts of the leaf 
following photosynthesis. The main exceptions are mem¬ 
bers of the lily, iris, amaryllis, and gentian families (1, 
£), Onion is a member of the lily family. 

Leaves are also able to absorb some sugars such as 
glucose, fructose, maltose, and sucrose, and transform 
them into starch. Leaf squares of etiolated corn floating 
on sugar solutions form an abundance of starch. It is in 
this way that the starch-forming mechanism in plants 
can be studied. 

Juice from bulbs of cultivated onion as well as from 
leaves of wild onion (garlic) prevented the formation of 
starch in leaf squares of corn. The juice was extracted 
by means of n Carver laboratory press and added to a 
1 M glucose or sucrose solution in equal amounts making 

TABLE 1 

Formation or Starch in Leaf Squares or Etiolated Cohn 
Floating on .5 M Glucose Solutions which Con¬ 
tained Juicer or Plants not Normally 
Stoking Starch 


(Table 1). Wild onion (garlic) leaves have a somewhat 
more potent concentration of the starch-forming inhibitor 
than the bulbs of the cultivated onion. Iris didn’t seem 
to have much inhibitor. The test was made in midsum¬ 
mer and the result on iris may have been due to the time 
of year when the plant juice was tested. Day lily juice 
tested In summer had much less inhibitor than in spring, 
so there is n seasonal variation. 

Juice from plants such as dandelion, wild carrot, wild 
strawberry, corn, and tomato which do store starch did 
not inhibit the formation of starch in the leaf squares of 
etiolated cam (Table 2), Juice from alsike clover and 
red clover did have a slight inhibitory effect in dilutions 
of 1:2. While alsike clover and red clover do store 
starch, the slight inhibitory effect of the juice on starch 
formation in leaf squares of etiolated corn is as yet un¬ 
explainable. 

Dilution of the juice from cultivated onion bulbs 
showed inhibitory influence during the first day up to 
dilutions of 40 to 80 times. Most or all of the effective- 

TABLK 2 

Formation or Starch in Leaf Squares or Etiolated Cohn 
Floating on .0 M Glucose Solutions which Con¬ 
tained Juices of Plants Normally 
Storing Starch 


Starch test 


Starch teat 


l’hi hi 


Juice diluted .Tulee diluted 

1:2 1 : in 


Plant 


Juice diluted Juice diluted 

1:2 1 : 15 


No juice added 
(control) 

Strong positive 

Strong positive 

UemerocaiUt julva 
(dn y Illy) 

Negative 

Trace 

Narcieaua Jonquilla 
(jonquil) 


Negative 

V. Pucudo -JVnrrlMua 
(daffodil) 

" 

Slight trace 

Allium Vepa bulbs 
(onion) 

" 

Small positive 

A. ennad finite 

'■ 

Trace 

(wild garlic) 



Frascra rnroUnfirmift 
(American coin in bo l 

Trace 

i. 

lri» rendoolor 
(lrlR) 

Small positive 

Strong punitive 


No juice added Strong positive Strong positive 

(control) 

Taranavum officinale " " " 

(dandelion) 

Zea Mays “ " “ 

(rorn) 

Frayaria iHrglniann 
(wllrl strawberry) 

Jiriucn* Carota " “ “ '* 

(wild carrot) 

Ltfcnprraicnn fsrulentum “ *' " " 

(tomato) 

TrifoUum hybrldum Small positive “ “ 

(alsike clover) 

T, prnfvn&e Small positive " 

(red clover) 


the final concentration of juice 1: 2 and the sugar solu¬ 
tion one-half molar. The control was set up by mixing 
the juice with au equal volume of water. The total 
amount of solution used was 15 ml in Petri dishes which 
had a total capacity of about 30 ml. At the end of 24 
hr, leaf squares were tested for the presence of starch by 
first boiling them for a minute in water, second, extract¬ 
ing the yellow pigments in 95% ethanol, and finally ap¬ 
plying a dilute solution of iodine (I B KI) to the leaf 
squares spread out on a glass plate. The presence of 
starch in the Control was indicated by a dark coloration. 

Plants related to onion such as the day lily (lily fam¬ 
ily), jonquil and daffodil (amaryllis family), and Amer¬ 
ican Colombo (gentian family) also have the Inhibitor 


ness of the inhibitor seemed to be lost during the second 
day in cases where the juice was diluted more than 10 
times. 

The inhibitor of starch eynthesis is not entirely heat 
stable nor is it entirely decomposed by heating to the 
boiling point momentarily and then cooling. 

Day lily leaves do not form starch in the leaves under 
natural conditions, If leaf squares of the day lily are 
floated on .5 M glucose in the dark at room temperature, 
starch begins to form at the cut edges at the end of the 
second day. This is in accordance with Btihm who showed 
that some plants in which no starch is formed, e.g. r 
Oalanthus, Syacinthua, OmithdgcUwm, and IHs, can be 
induced to starch formation when the loaves are kept on 
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a 20% solution of sucrose for B-10 days (Jf). These 
plants have the mechanism for starch formation but do 
not form it under natural conditions, apparently because 
of the presence of an inhibitor. 

Members of the lily, iris, amaryllis, and gentian fami¬ 
lies do not store starch in the leaves following photo¬ 
synthesis, apparently because of the presence of a starch 
synthesis inhibitor. Onion, a member of the lily family, 
has the inhibitor. 
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The Isthmic Mucous Membrane of the 
Human Uterus 

D, N. Danforth and Jbidm C. F. Chapman 

De^rtmati of Obstetrics and Gynecology, and Pathology, 
Evanston Hospital, Eva mat on, ond N or t hive a term University 
Medical School, Chicago 

The purpose of this report is to present preliminary 
findings in a study of the mucous membrane lining the 
isthmic segment of the human uterus. These findings in¬ 
dicate that the isthmic mucosa is not peculiar, as it has 
beeu extensively described, but that, rather, it is an in¬ 
tegral part of the corporeal endometrium. 

According to current understanding, the isthmic mucosa 
is an entity in itself, separate and distinct from that of 
the cervix and corpus. A similarity with the endometrium 
is recognized, however, with the following exceptions: the 
isthmic mucosa is described as being thinuer, poorer in 
glands, and richer in supporting tissue. Also, its glands 
are said to react poorly to the ovarian hormones, and to 
contain no glycogen during the secretory phase. A fur¬ 
ther difference is the reported absence of coiled arterioles, 
which are a prominent feature of the endometrium. The 
conclusion from these observations is that although the 
two tissues casually resemble one another, nevertheless 
they ore fundamentally dissimilar. 

Preliminary studies have been made of the mucous 
membrane of 38 human uteri removed at operation. The 
endometrial cycles were distributed as follows: 


Early proliferative . fl 

Late proliferative . 12 

Early secretory.. fl 

Late secretory. 10 

Post-menopausal . 4 


In each of these cases, similar blocks of the isthmic 
mucous membrane were prepared for comparison with the 
endometrial specimens, 

Comparison of the endometrial functio nails. with the 
Isthmic mucosa confirms the observations noted above. 
However, when the endometrial basal is is examined in 
routine hematoxylin and eosin sections, it is found to be 


essentially similar to the Isthmic mucosa. The basalts is 
of the same thickness. The general appearance of the 
glands, and their cyclic changes in response to the ovarian 
hormones, are the same. The characteristics of the 
stroma, and the vascular distribution, are similar. Spe¬ 
cial Btaining technics show further evidences of similarity. 
One concludes from these observations that the isthmic 
mucosa is in fact a continuation of the endometrial basalis 
and that it differs from the endometrium proper only In 
that the functional layer Is lacking. 

These observations cast serious doubt upon the pro¬ 
priety of designating the isthmus uteri as an entity of 
equal importance with the cervix and corpus. They sug¬ 
gest, rather, that this zone is part of the corpus uteri. 
Details of this study will be presented elsewhere. 


Physical Studies on Corneal Tissues 

H. J. AdUr 

Phillips burg, New feraey 

S. T. Grofti and J. M. Lambert 1 

General Aniline Film Cerp., Central Reaeareb 

Laboratory, Easton, Pennsylvania 

Improvements in the technique of corneal grafting have 
increased the interest in the proper preservation of corneal 
donor tissue. Many investigations have dealt with cor¬ 
neal metabolism {€, 11), permeability ( 4 ), transparency 
(I, 8), hydration properties ( 8 , 10, IB), X-ray diffraction 
(9), birefringence ( 8 ), and elasticity {IB). A number 
of investigators (£, S, 5, 7,14) have reported on methods 
for preserving corneal tissue but of these only three {3, 6, 
7) have applied biological methods for determining the 
viability of the aging cornea. No attempts were made in 
the past to correlate physical properties of the aging cor¬ 
nea with the transplantability of the tissue. For this 
brief review only the most pertinent references have been 
selected from a large bibliography. 

The object of our brief investigation was to find some 
physical properties of comeal tissue which would meas¬ 
urably change during aging to indicate suitability for 
subsequent successful transplants. The experiments were 
made with bovine corneas and comprised I) quantitative 
light transmission measurements as well as 2) X-ray dif¬ 
fraction studies. The eyes were removed immediately 
after death of the animal, rinsed with a 0.025% isotonic 
buffered thyrothricin solution, transported into a sterile 
moist chamber, and processed at the laboratory within 
1 hr. During aging, the corneal tissues were kept in a 
refrigerator at a temperature of 5° G. 

1) Lighl transmission. Experiments were made to de¬ 
termine the light transmission of corneal tissue with aging 
under different conditions. Periodic light transmssion 
measurements were performed on several corneas set up 
for simultaneous aging. A disk-shaped cellulose acetate 
sponge with a round opening in the ccmteT served as the 

1 The authors gratefully acknowledge the assistance of 
the General Aniline and Film Corporation In making svali¬ 
able the facilities of its Central Research Laboratory. 
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I'lO, ]. Lltfht (runluultmIon charHCteristh'S of ngloff cor¬ 
neal tissue. No. 1—In mlnernl oil ; Non. 2 anil 3—In moist 
chamber. 


support for the cornea- The auxiliary equipment con¬ 
sisted of a stabilized incandescent light Bource with a 
condensing system for producing a parallel beam of light 
which, nfter trausversing an iris diaphragm and a blue 
filter, passed through the cornea. The transmitted light 
fell on the photocell equipped with a second iris dia¬ 
phragm (set to a fixed 2-mrn opening) and was measured 
by means of a photometer (Photovolt Model 500). 

Typical results obtained with one set of bovine corneas 
arc given in Fig. X, showing relative Light transmission 
values plotted against time of aging. Cornea No. 1 had 
been placed in mineral oil (Nujol) according to a pro¬ 
cedure by Buerki (£, $), which reportedly preserves cot- 
neal tissue for many days or even weeks; corneas Nos. 2 
and 3 had been aged in a moist chamber. In the former 
case, Nujol was used to fill completely the chambers of the 
specimen holder, whereas in the latter case physiological 
saline solution was used merely to cover the bottom of the 
outer and inner chambers and to moisten the sponge sup¬ 
porting the specimen. The transmission values given in 
Fig. 1 were computed from the maximum photometer 
readings obtainable; relative values were obtained by as¬ 
signing the value 100 to the amount of light transmitted 
initially by each cornea and expressing the other values 
in proportional units. With the first qight corneas 
studied, the photometric readings were not taken at maxi' 
muni transmission and the results are therefore not 
strictly comparable. 

The results obtained with two other seta of four bovine 
corneas, some aged in mineral oil and others in presence 
of saline solution as described above, were essentially like 
the ones presented, except for the apparent increase in 
light transmission shown in Fig. I (oornea No. 1). It is 
believed that a focusing effect caused by a slight mechan¬ 
ical deformation brought this about. In one case a cor¬ 
nea taken from an eye which had not been rinsed with 
thyrothricin solution gave the exceptionally low light 
transmission of 25% after about 100 hr in the moist 
chamber; subsequently the turbidity decreased, but this 
effect was probably due to bacterial attack or some other 
form of decomposition. 

The light transmission data for corneas during aging 
appear to furnish a quantitative measure of their vi&- 
bility. Refinements of the technique might lead to the de¬ 


velopment of a method for testing corneal tissue and pre¬ 
dicting its suitability for transplanting. 

2) X-ray diffraction. Hertel (9) in 1933, using dif¬ 
fraction methods, carried through a very comprehensive 
investigation of the transparent tissues of the eye. His 
interest, however, was largely concerned with ultimate 
structure and constitution of materials available, and the 
effects on diffraction patterns of water content, ash con¬ 
stituents, etc. 

In the present experiments, equipment was arranged so 
that corneal specimens could l>e maintained under con¬ 
ditions considered to be satisfactory for storage while 
the X-ray exposures were made. The camera, maintained 
near ice temperature, was filled with a fine mist of physio¬ 
logical salt solution to insure against moisture changes of 
ariy frtlpOrtniwre. Two samples each fftHtf four ooi^unrs 
were used. 

Fresh cornuHS yielded diffraction pattern* essentially 
identical to those published by Hertel for his fresh ma¬ 
terial. Corneal specimens were maintained at about 2°- 
5° C under an atmosphere of saturated relative hu¬ 
midity for various jwriods of time previous to examina¬ 
tion. Aging under these conditions yielded diffraction 
patterns which were practically identical with those from 
samples which had not been aged, although there were 
indications of slight changes In tlio small angle scatter¬ 
ing region. Samples preserved in mineral oil (£, $) gave 
patterns equivalent to those indicated above, even when 
the sample was Slightly hazy. 

Air-dried samples and samples dried by immersion in 
successively more concentrated solutions of ethyl alcohol 
(from 30 to 100%) gave diffuse patterns quite similar 
to those of undried material, even though the sample 
turned opaque. Probably in this case the epithelium and 
endothelium w r ere responsible for the appearance (<9). 
Stretched samples both fresh and aged gave for the fiber 
period 11.2 A (Hertel finds 9.7 A) and the most intense 
spacing at right angles 2.85 A (Hertel finds 4.4 A). It 
must be concluded that the diffraction patterns furnish ho 
evidence for degree of »ging, and with the present tech¬ 
nique cannot indicate whether an aged cornea fe suitable 
for a successful transplant. 

References 

1. Aurbix, G., and Holmgbbn, XI. Nord. Med. t 1046, BO, 

1277. 

2. Bubbki, K. go hereto. mtd. Wschr 1947, 77, 525. 

S. Bubbei, E. Ophthalmolagioa, 1947, 114, 288. 

4. Cooan, D. G., et al. Arsfc, Ophthal 1944, II, 408. 

5. Filatov, V. P. Optical t rant plantation of the cornea 

and tieeue therapy. Moscow, Russia ; State Pub¬ 
lishers of Medical Literature, 1945. 

0. Fiscttoh, F. P. Eryebn. Phytic l. t 1181, II, 507. 

7. Feiedenwald, J. B., and Bubcrkb, W. Tran s. Amer. 

ophthal. Boo., 1944, II, 42. 

8. Habt, W. M. Arch. Ophthal., 1947, 97, 692; personal 

communication. 

9. Hbetel, D. Arch. Augenhtilk, 1983, 107, 259. 

10. Kinsey, V. B., and Coo AN, D. G. Arch. Ophthal,, 1942, 

09, 272. 

11. Lie, O. S., and Habt, W. M. Amer. J . Ophthal., 1944. 

97, 488. 

12. Lbynb, W. F., et. al. Acta Brevia Neerland, Phyeiol 

1940, 10. 25. 

18, 'RcHBEtTDER. M. Ophthalmolorfica. 1946. 99, 490, 

14. TaBloh,* A. C. Anat. Eeo., 1046, 99, '579. 




April 15, 1949, Vol. 109 


SCIENCE 


385 


Comments and Communications 


Use of Modified Ninhydrin Reagent in 
Quantitative Determination of Amino 
Acids by Paper Chromatography 

Procedures for the quantitative estimation of amino 
acids separated on paper chromatograms have been re 
parted. 1 In this laboratory we have been able to measure 
quantitatively some free amino acids in tissues of the rat 
liy a method described elsewhere (Awapara, J. J. biol. 
Chem ., 1949, in press). Briefly, the procedure consisted 
in 1) locating the amino acid spots with a 0.05% nin- 
hydrin solution in water-saturated butanol; 2) cutting 
the spots from the chromatogram and developing full 

TABLE 1 

Density Values at Various Concentrations of Amino Nitrogen 


Amino 

nitrogen 


Optical 

density 


7 m 

Glutamic 

nc Id 

AHpnrtlc 
at 1 Id 

Glycine 

Alanine 

4 

0.124 

0.155 

0.128 

O.105 

B 

0.B43 

0.9 IB 

0.277 

0.218 

12 

0.551 

0.4 87 

0.454 

O.410 

lfl 

0.741 

O.005 

0.021 

O.D55 


■ Values given correspond to solutions made up to « 
volume of 25 ini, and corrected for paper blanks. 

color with 3 ml of 2% aqueous ninhydrin solution in pres¬ 
ence of pyridine by heating on a boiling water bath for 
20 min; and 3) transferring the colored solution to a 
volumetric flask and measuring the color intensity in the 
Beckman Spectrophotometer at 570 mp. 

Recently S. Moore and W. H. Stein ( J . bfol. Chcm*, 
1948, 178, 367) have reported a modified ninhydrin re- 
agent. They used a 2% ninhydrin solution in methyl 
cellosolve water at pH 5 (citrate buffer), which contained 
stannous chloride as a reducing agent. We have used 
this reagent instead of ninhydrin pyridine solution and 
obtained more consistent results and higher intensity of 
color. The intensity was found to increase considerably 
when larger amounts of reagent were used, up to 3 ml. 
Amounts greater than 3 ml were found to give constant 
values. 

Table 1 shows density readings obtained at various 
concentrations for solutions of glutamic acid, aspartic 
aeld, glycine, and alanine. In all cases the color intensity 
is a straight line function of the concentration. The 

1 Awapama, J. J. Wei. Chem., 1949, In press j Fiihib, R. 
B., Pas sons, D. G„ and MoaaisoN, G- A. Nature, 1948, 181, 
764 ; Nattalin, A. Nature, 1848, 161, 768; Polson, A., 
Mosul, V. if., and WTcaorr, R. W, G. Science, 1047, 106, 
669 ; and Wotwob, A. J. Nature, 1648, 161, 109l 


greatest source of error in this procedure is the Alter 
paper, which gives blank readings ranging from 0,070 
to 0.100. This range of 0.030 units indicates an error of 
about 7% when 10 y of amino nitrogen are being de¬ 
termined. The reproducibility of analyses carried out 
oh the same sheet of paper is, however, very satisfactory 
with variations of about 1 to 2%. Best results were ob 
toined when an aliquot of the colored solution was re¬ 
moved from the tube and made to n convenient volume. 
By this procedure, the difficult removal of all the color 
on Alter paper remaining in the tube wus avoided. The 
amount of color adsorbed on Alter paper was constant. 

Alton J. Landita and Jorge Awapaia 
University of Texas, 

M. I). Anderson Hofrpital for Cancer Eraearch 

More on High School Biology Requirements 

Dr. J. van Overbeek } n apprehension* as to tho effects 
of the inadequate teaching of the biological sciences in 
the secondary schools of this country (Science, 1949, 109, 
210) are undoubtedly shared by n good many other 
biologists. 1 certainly agree that more adequate instruc¬ 
tion in biology is needed in most of our secondary schools. 
However, Dr. van Overbeek J s suggestion that we emulate 
the admirable Dutch program and require a course in 
biology in each year of high school is highly impractical. 
While lie might have no difficulty convincing mo mid 
other biologists that this would be desirable, he would 
have little success in convincing most of those educators 
who are, responsible for the secondary school curricula 
throughout the country. He would Arst have to convince 
them that one year of biology should be required of all 
high school students. At present many students are 
graduating fTom high school with nothing more in the 
way of science than a single (and usually inadequate) 
course in general science. It seems that the treud has 
been to 'reduce, rather than to increase, the science re¬ 
quirements for graduation from secondary schools. 

Even if Dr. van Overbeek were successful in his efforts 
to have three or four years of biology required for gradu¬ 
ation from high school, the program would fail through 
lack of qualiAod instructors. There are not eveu enough 
qualiAed biology teachers to handle the high school biol¬ 
ogy courses now offered. While there are many excellent 
teachers of high school biology scattered throughout the 
country, I believe it is safe to state that the majority, 
even in large cities, have so little training and interest in 
the aubjeot that they almost waste their students* time. 
The prospects of an improvement in this situation are not 
encouraging. As all college and zoology professors know, 
their better and more capable majors go on to graduate 
school and eventually into research or college teaching. 



386 


SCIENCE 


April 15, 1949, Vol. 109 


Superior students are encouraged to do this, and perhaps 
rightly, but the result is that there are not very many 
really good high school biology teachers. This situation 
has apparently concerned most professional biologists very 
little, but I believe that there are now many who will 
agree with Dr. van Overbeek as to the importance of a 
biologically literate public and the role of the secondary 
schools in producing it. 

Professional biologists, through their various societies, 
might well support a program designed to improve the 
quality and quantity of secondary school biology. While 
there may be little hope of attaining the goals set by Dr. 
van Overbeek, I think that substantial progress could be 
made toward securing the more general requirement of a 
year of biology for graduation from high school, and 
toward the improvement of these high school biology 
courses and the recruiting of more capable and interested 
teachers for thorn. 

I believe that professional scientists might also take a 
greater interest in supporting and encouraging the ex¬ 
tension of the excellent elementary school science pro¬ 
grams which have been established in some cities. It is 
quite possible that good elementary school science instruc¬ 
tion can have a more thorough and lasting influence than 
secondary school science instruction in developing a public 
with an interest in and appreciation of science and Its 
methods, nttitudes, and problems of general concern. 
Here again, one of the principal difficulties is adequately 
trained teachers. 

Victor A. Grkulach 

Department of Plant Physiology and Pathology 
Agricultural and Mechanical College of Texas 


Errata 

My attention has been drawn by correspondents to two 
incorrect statements in my article f< Research and Poli¬ 
tics " (Science, March 4, 1949). First, it was stated that 
Vavilov died in a concentration camp. This should have 
read "died in exile in a remote region of the USSR," 
since the details are unknown. Second, I said that 
Eammerer committed suicide after going to Russia. 
Actually, he did so while still in Vienna, at the moment 
when he was finally to move to Moscow, 

Richard B. Goldschmidt 
University of California, Berkeley 


1 would like to call your attention to an error that 
crept into the paper on neomycin by Woksman and 
Lechcvalier ( Science, March 25). On page 307, right 
column, lines 1 , 8, and 0, the letter ^ should read u, 
or unit. 

Helm an A. Waksman 

Department of Micro biology, Rutgers University 


In the paper "The Effect of Choline-Deficiency on 
Uterine Activity of Rats, M by Kraatz and Gruber (Sci¬ 
ence, March 25), the tenth lino from the end, p. 312, 
". . . choline every second" should be amended to read 
"... choline every second day. ’ ’ 

Charles P. Khaatz 

Department of Pharmacology , Jefferson Medical College 


(Continued from page 375.) 

u plausible struight line is obtained which has an in¬ 
tercept on the y + R axis of value R since i/= 0 when 
i? = 0. 

The value so derived fqg R is 14 2 mu. Careful 

measurements over a wider range of ionisation densi¬ 
ties are in progress. The figure agrees well with the 
figure 18 mu deduced by Luria and Exner (5) from 
observations of X-ray inactivation. 

The results of deuteron bombardment of T-l pbage 
mv thus consistent with the following hypotheses: 


1 . A target exists, of diameter 28 ± 4 mu which is 
very much smaller than the phage itself and indeed 
smaller than the head of the phage. 

2. The measured target size is larger than the true 
target, due to the fact that radiation from the path 
of a deuteron which misses the target can inactivate 
the phage. 
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NEWS 

and Notes 

ACS at San Pranciaco. More 
than 3,500 chemists and chemical en 
giueere participated in the 115th 
national meeting of the American 
Chemical Society held in San Fran 
cisco March 28-April 1, Advances 
in fields ranging from the biochemi¬ 
cal approach to genetics to the appli¬ 
cation of chemical engineering tech 
niques in the control of nir pollution 
were reported in (170 papers at ses 
along of 17 professional divisions of 
the Society. 

The need for more teamwork 
among scientists of all disciplines in 
dealing with the increasingly com¬ 
plex problems encountered on the 
research frontiers today was empha¬ 
sized by Arne Tisclius of Sweden, 
1948 Nobel Prize winner in chomis 
try, at a general assembly of the 
Society. Professor Tiselius described 
“Some Trends of Development in 
Presont Day Biochemistry. ’’ 

Selection of Arthur B. Lamb, of 
Harvard University, for the past 30 
years editor of the Journal of the 
American chemical Society, to re 
oeive this year’s Priestley Medal was 
announced at the general session. 
Professor Lamb, who was cited for 
outstanding services to chemistry, 
will retire from his oditorial post at 
the end of this year. 

Names of the winners of eight 
other awards administered by the 
Society also were announced by Linus 
Pauling of the California Institute of 
Technology, president of the Society. 
They are: Garvan Medal—Agnes 
Fay Morgan, chairman of the De¬ 
partment of Home Economics, Uni¬ 
versity of California 1 , Berkeley; 
American Chemical Society Award In 
Pure Chemistry (financed by Alpha 
Chi Sigma)—Richard T. Arnold, 
University of Minnesota; Borden 
Award in the Chemistry of Milk— 
George R. Greenbank, U. 8. Depart¬ 
ment of Agriculture, Bureau of Dairy 
Industry; Eli Lilly and Company 
Award in Biological Chemistry—Irv¬ 
ing M. Kioto, Northwestern Univer¬ 
sity ; Paul-Lewis Laboratories Award 


in Enzyme Chemistry—Henry A. 
Lardy, University of Minnesota; 
Fisher Award in Analytical Chemis¬ 
try—G. E. F. Lumlcll, retired chief 
of the Chemistry Division, National 
Bureau of Standards; Fritzsche 
Award in Essential Oils—John L. 
Simonson, Imperial Institute, South 
Kensington, London, England; and 
Precision Scientific Company Award 
in Petroleum Chemistry—B. H. Sage, 
California Institute of Technology. 
All the awnrdfl will be presented at 
the Society ’a fall meeting in Atlantic 
City, New Jersey. 

Two symposia sponsored by the 
Division of Biological Chemistry were 
among the outstanding sessions on 
the Bnn Francisco program. At u 
meeting on viruses, Albert P. Kruc 
ger and associates, of the University 
of California, reported that buctnrio- 
phage, the mysterious germ-killer 
produced by bacteria themselves, has 
for the first time been made arti¬ 
ficially in the absence of living cells. 
At the symposium oil the relation of 
genetics to biochemistry, Daniel 
Mftziu, University of Missouri, re¬ 
ported evidence indicating that the 
in mini eru bio variations of physique 
and character distinguishing each 
man from all others may result, from 
immeasurably small differences in a 
single body chemical—desoxyri¬ 
bonucleic acid, a component of genes 
and chromosomes. 

The first practical synthesis of an 
antibiotic drug was reported at the 
meeting. Chemists of Parke, Davis 
and Company told the Medicinal Di¬ 
vision of finding methods of making 
artificial Chloromycetin. Discovery 
of an unidentified substance which 
may bp responsible for high blood 
pressure in human beings was an¬ 
nounced by Henry A, Schrpedor of 
the Washington University School Of 
Medicine. 

Development of air pollution stand¬ 
ard* for Los Angeles, which may 
prove applicable to industrial cities 
everywhere, was announced by Louis 
A. McCabe, head of the Los Angeles 
Air Pollution Control District. Sev¬ 
eral new insecticides were described, 
among them a material known only 
as Compound 497—said to be ifiany 
times as effective as DDT against 
roaches and houseflies. At the same 
session, devoted to "Economic 


Poisons," warnings were sounded 
against the potential health hazards 
presented by the powerful new pest- 
killers. 

The purity of water used for irri¬ 
gation purposos, new findings con¬ 
cerning the path of carbon in pho¬ 
tosynthesis, and the application of 
micToanalytlcal methods to petroleum 
chemistry were among the other 
subjects discussed at the meeting. 

Walter Murphy 


W. C. Davison, dean of the Duke 
University School of Medicine, has 
been appointed a consultant to the 
U. S. Army Burgeon General, and 
will serve his first month's duty in 
Tokyo. Returning from Japan, he 
will stop in Shanghai for a week to 
conduct clinics in pediatrics for the 
American Bureau for Medical Aid 
to Chinn. 

Francis W, Reichelderfer, chief 
of the U. 8. Weather Bureau, has 
been named vice president, of the 
American Geophysical Union of tho 
National Research Council, to fill 
the unexpirecl term of Hamid U. 
Sverdrup, who has returned to Nor¬ 
way. Tho term expires Juno 30, 
1950. 

Floyd Firestone, consulting physi¬ 
cist and editor of tho Journal of the 
acoustical Society, has been named 
program director of underwater 
acoustics research for the Office of 
Naval Research. 

Roland McKee, Division of 
Forage Crops and Diseases, U. S. 
Department of Agriculture, has 
re tired af ter m ore th an 49 years 
with the Department. 

James C. Spence, professor of 
Child Health, University of Dur¬ 
ham, England, will deliver the 
Cutter Lecture on Preventive Medi¬ 
cine at the Harvard Medical School 
May 11. His topic will be "The 
Bole of Parents In Child Health . n 

J, Oilman Reid has been ap¬ 
pointed chief of the Engineering 
Electronics Laboratory of the Na¬ 
tional Bureau of Standards, where 
he has been a staff member since 
1937. He will direct ’ research on 
electronic instrumentation, miniaturi¬ 
zation, printed circuit processes and 
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techniques, electronic circuit com¬ 
ponents, and electronic standards. 
Other Teeent appointments are C. 
H. Townes, and p. Kusch, both 
professors of physics at Columbia 
University, who will be consultants 
to the Microwave Standards Labora¬ 
tory. 

Ralph E. Fadum, professor of soil 
mechanics at Purdue University, has 
been named head of the Depart¬ 
ment of Civil Engineering, nt North 
Carolina State College of Agricul¬ 
ture and Engineering. FTe will suc¬ 
ceed C. L. Maun, who retired Inst 
fall after more than 50 years on 
the faculty. Dr. Fadum will take 
over his new duties July 1. 

W. H. Twenhofel, editor of the 
Journal of Sedimentary Petrology , 
has been elected honorary member 
of the Society of Economic Pale¬ 
ontologists and Mineralogists, 

A. L. Patterson, assistant profes¬ 
sor of physics at Byrn Mawr, has 
been appointed senior member in 
charge of the Physics Department 
of the Institute for Cancer Research, 
Philadelphia, effective September 1. 

Paul F. Sharp, former director of 
research, Golden State Company of 
California, has been appointed di¬ 
rector of the California Agricultural 
Experiment Station at Berkeley. He 
will succeed C. B. Hutchison who 
continues as professor of agriculture, 
dean of the College of Agriculture, 
and vice president of the University 
of California. 

Morris Schaeffer, assistant pro¬ 
fessor of pediatrics at Western Re¬ 
serve University School of Medicine, 
and director of the Cleveland City 
Hospital Contagious Department, has 
been appointed director of the ViruB 
and Rickettsial Research and Epi¬ 
demiology Branch of the Communi¬ 
cable Disease Center, U. 8. Public 
Health Service, effective June 30. 

Frank A. Hartman, research pro¬ 
fessor of physiology, Ohio State Uni¬ 
versity, has returned after spending 
three months at the Bnrro Colorado 
Island Laboratory in the Panama 
Canal Zone, and in western Panama, 
collecting and studying adrenals of 
birds and other vertebrates. 


A. C. Smith, Smithsonian Institu¬ 
tion botanist, has been appointed a 
vice president of the taxonomy sec¬ 
tion of the Seventh International 
Botanical Congress, to be held in 
Stockholm next year, and Roy E. 
Clausen, Berkeley geneticist, will be 
ft vice president of the section nn 
genetics. 

B. N. Uppal, former principal of 
the College of Agriculture, Poona, 
India, lias been appointed director of 
agriculture for Bombay Province. 

Visitors to U. S. 

John R. E. Bradfield, Fellow of 
Trinity College, Cambridge Univer¬ 
sity, England, recently spent two 
weeks studying autoradiographic 
techniques with George A. Boyd in 
the Atomic Energy Project Labora¬ 
tories at tlic University of Rochester 
School of Medicine. 

i* 

Raj Chandra Bose, former head 
of the graduate department of sta¬ 
tistics, University of Cnlcutta, India, 
lias arrived in this country to accept 
appointment as professor of mathe¬ 
matical statistics at the University 
of North Carolina. 

Necmettin Polvin, professor of 
neurology at the University of Istan¬ 
bul, is spending several months in 
the Tissue Culture Laboratory of the 
University of Texas Medical Branch, 
Galveston, in association with C. M. 
Pomerat, director. They are de¬ 
veloping new methods for the growth 
of brain tissue in artificial media. 

Grants and Awards 

The University of North Carolina 
h&B received a $4,600 Frederick 
Gardner Cottrell grant from the 
Research Corporation of New York 
City for fundamental research in the 
structure of polymers derived from 
pyrenes. The project will be under 
the direction of Richard H. Wiley, 
professor of chemistry. 

Winners of the Frank B. Jewett 
Fellowships for 1949-1950 named 
by the American Telephone and 
Telegraph Company are: Harish- 
Cliandra, mathematician, Institute 
for Advanced Study; James A. Jen¬ 
kins, mathematician, Harvard Uni¬ 


versity; Robert Karplus, physicist, 
Institute for Advanced Study; 
Joaquin Mazdak Luttinger, physicist, 
Physikalisches Institut, Zurich, Swit¬ 
zerland ; David Emerson Mann, chem¬ 
ist, University of Minnesota; and 
Harvey Winston, chemist, Columbia 
University, The awards grant $3,000 
to the recipient and $1,500 to the 
institution at which he chooses to do 
his research. Drs. Luttinger, Kar¬ 
plus, and Jenkins were among the 
award winners last year. 

The Rockefeller Foundation has 

recently granted $29,000 to the Uni¬ 
versity of California for research on 
the comparative biochemistry of 
marine organisms, particularly ani¬ 
mal biochromes, to be conducted 
under the direction of Denis L. Fox, 
professor of marine biochemistry, at 
the ScrippB Institution of Oceanog¬ 
raphy, The money ib to be used dur¬ 
ing a four-yoar period, beginning 
July 1, 1049, nnd is a renewal of a 
similar grant for the biennial period 
1047—49. 

Lawrence Tyler Post, head of the 
Washington University Medical 
School Dopartmont of Ophthalmol- 
ogy, has been awarded the Leslie 
Dana Medal by the fit. Louis Society 
for the Blind, in recognition of his 
work with blindness. 

Fellowships 

Cornell University has established 
16 undergraduate scholarships for 
students from abroad. Five will be 
awarded in agriculture, four encli in 
veterinary medicine and industrial 
and labor relations, and three in 
home economics.' 

The New York State mental 
health authority has allocated funds 
for 10 $1,000 fellowships in social 
work. They will be granted, upon 
recommendation of the advisory men¬ 
tal health council, to students who 
have completed their first year in 
graduate school and who wish to 
specialise for their second year in 
psychiatric social work, in prepara¬ 
tion for community mental hygiene or 
child guidance clinic work. Inquiries 
may be addressed to Miss Hester B. 
Crutcher, director of psychiatric 
social work, Now York State Depart- 
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meat of Mental Hygiene, Governor 
Alfred E. Smith State Office Build¬ 
ing, Albany, New Yorh. 

Colleges and Universities 

The University of Utrecht, Hol¬ 
land, in planning a series of scion tide 
Alma, intended to cover the entire 
field of science. The first films will 
be on medicine. The Ministry of 
Education and the various faculties 
will contribute to production costs, 
and n grant has been made for the 
purpose by the Rockefeller Founda¬ 
tion. 

The College of Medicine, Univer¬ 
sity of Vermont, and the Vermont 
Association for the Crippled urc 
jointly sponsoring a course in the 
diagnosis and treatment of convul¬ 
sive disorders. Lectures, designed 
to meet the needs of the general 
practitioner, will be held in Burling¬ 
ton, Vermont, April 18-23. W. 0. 
Lennox, of the Neurological lnsti 
tute of the Children’s Medical Cen¬ 
ter, Boston, will give two lectures on 
epilepsy. 

Summer Programs 

The Biological Laboratory, ('old 
Spring Harbor, Long Island, New 
York, is offering, for the fifth suc¬ 
cessive year, a summer course on 
bacteriophages, Juno 27-July 16. 
The course will be given by Mark 
II. Adams, New York University, 
and is designed to acquaint research 
workers with techniques used in 
work with bacterial viruses, and with 
recent results of such work. Fur¬ 
ther information may be had by 
writing the Laboratory. 

Smith College School for Social 
Work announces its summer pro 
gram of graduate seminars for ex¬ 
perienced social workers, to be held 
July 11-21. Students are required 
to elect at least two, but may en¬ 
roll for three of the following 
courses: advanced casework, super¬ 
visory methods in social casework, 
ego psychology, the psychosomatic 
concept, educational methods in 
teaching ease work, and casework 
writing and interpretation. Each 
seminar is limited to 30 students, and 
applications should be made by May 


IS. For additional information 
write: Florence R. Day, director. 
Smith College School for Social 
Work, College Hall 8, Northampton, 
Massachusetts. 

The University of Chicago will 
hold a workshop for research work¬ 
ers and teachers interested in prob¬ 
lems of adjustment to old age, 
August 8-27, under the direction of 
Ernest W. Burgess, chairman of the 
Department of Sociology, and Rob¬ 
ert J. Ilavighurst, of the Committee 
ou Humuii Development. The Uni¬ 
versity will also be host to an In¬ 
stitute on the Study of Old Age, 
August 8-12. 

Meetings and Elections 

Six Measengcr Lectures on aeons 
tics are being given at Cornell Uni¬ 
versity, April 11-21, by Harvey 
Fletcher, director of physical re¬ 
search of the Bell Telephone Lab¬ 
oratories. 

The Fourteenth Cold Spring 
Symposium on Quantitative Biol¬ 
ogy will bo hold June 8-1 ft. The 
topic ih "Amino Acids and Pro¬ 
teins," with emphasis on the bio 
logical aspects of the problem. Pro¬ 
gram participants will include: K. 
LimlorHtrom-Lang, from Denmark; 
C. Froumgeot and J. Roche, from 
France; D. Crowfoot, J. F. Danielli, 
F, Sanger, and R, L. M. Synge, from 
Great Britain; and K. O. Pederson, 
from Sweden. Attendance is re¬ 
stricted by apace limitations to 
about 100, For program and infor¬ 
mation, write to the Biological Lab¬ 
oratory, Cold Spring Harbor, New 
York. 

The Naval Ordnance Laboratory 
aero ballistics facilities at White 
Oak, Maryland—supersonic and by- 
personic wind tunnels, and transonic 
and pressurized ballistics ranges— 
will bo formally dedicated June 27. 
There will be five half-day * tech 
nical sessions June 27-29 on gen¬ 
eral aerodynamics, ordnance aero 
ballistics (restricted), theoretical 
supersonic and transonic aerody¬ 
namics, and experimental supersonic 
aerodynamics at which foreign and 
TJ. S. scientists have been Invited to 
present papers. The Fluid Dynam¬ 


ics Division of the American Pliyn 
ical Society will meet June 30 mul 
July 1 at the Naval Ordnance Lab¬ 
oratory and will sponsor symposia 
on turbulenco, shock wave phenom¬ 
ena, and aero thermodynamics. Those 
interested in attending the dedica¬ 
tion and technical sessions June 27- 
29 Hhould write to R. J, Seeger, 
IT. S. Naval Ordnance Laboratory, 
White Oak, Silver Spring 19, Mary¬ 
land. 

The Virginia Academy of Science 

will hold its 27th annual meeting 
at the Hotel John Marshall in Rich¬ 
mond, May 5-7. Final winners in the 
Virginia Science Talent Search will 
lie selected, together with all winners 
in the Science Clubs Contests. Their 
names will be announced at the din¬ 
ner of the Junior Academy of Science 
on Thursday evening by James W. 
Cole, Jr., of the University of Vir¬ 
ginia, and Bo 3 'd Hurshbarger, of 
the Virginia Polytechnic Institute, 
president-elect of the Acodemy. 
The dinner speaker will be Major 
T. F, Walkowicz, of the United 
States Air Force. Following his 
address, a sound motion picture en¬ 
titled "Atomic Physics" will be 
shown under the auspices of the 
Atomic Energy Commission and the 
Oak Ridge Institute of Nuclear 
Studies. 

The annual business meeting of 
the Junior Academy will be held at 
2:00 P.M. on May 5. C. M. Kin¬ 
caid, of the Virginia Polytechnic 
Institute, will speak on 1 * Genetics, 
an Expanding Science," and Gor¬ 
don Silas, of Roanoke College, will 
present a paper on 11 Tim Anatomy 
of Human Behavior, 77 

Tim first meeting of the senior 
division of the Academy will be 
held Thursday evening At 8: 30 
o ’clock. At this general confer¬ 
ence, reports of lfi committees will 
be made. These reports will be 
published later in the 1048-1940 
Proceedings of the organization. 

Section meetings of the Academy 
will he gin at 9: 00 a.m. on Friday, 
May fi. Approximately 260 papers 
will be presented in the branches of 
science represented by the follow¬ 
ing Sections: agricultural sciences, 
astronomy, mathematics and phys¬ 
ics, bacteriology, biology, engineer 
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ing, education, chemistry, geology, 
medical sciences, psychology, statis¬ 
tics, and science teaching methods. 
Virginia winners of honorable men¬ 
tions in the National Science Talent 
Search and winners in the state 
search will present their essays in ap¬ 
propriate Sections. An attendance 
of approximately 800 is expected for 
these sessions. The Section on engi¬ 
neering, which lias not met since be¬ 
fore the war, will be reactivated at 
this meeting. The program of a new 
Section for science teachers will be 
presented oil May 0 and 7. Col¬ 
legiate members of the Academy will 
hold a special session at 3 o’clock on 
Friday afternoon. 

During the three dnys of the 
meeting about 30 educational and 
commercial exhibits will be shown in 
the lobby and Virginia Room of 
the Hotel John Marshall. The U. S. 
Air Force will offer the second 
showing of its communications ex¬ 
hibit, which will come directly from 
the Grand Central Palace in New 
York City. The Oak Ridge Insti¬ 
tute for Nuclear Studies will have 
an exhibit on radioactive substances. 
A number of exhibits also will Ik* 
shown by individual high school stu 
dents and by science clubs. Hound 
motion pictures having to do with 
the history of Virginia and various 
scientific subjects will be presented 
at several of the exhibit booths. 

Tours of industrial plants and 
points of historical interest will be 
conducted on Friday afternoon. At 
4: 00 o ’clock, the annual tea of the 
Academy will be held at the Val¬ 
entine Museum. The Governor of 
Virginia will be present to welcome 
the scientists of the state. The 
Academy dinner will be served at 
7: 00 F.M. in the roof garden of the 
John Marshall. The highlights of 
this dinner meeting will be the 
presentation of the J. Shelton Hors 
ley Research Award to a Virginia 
scientist for a highly meritorious 
paper reporting original scientific 
research, and nn address by Howard 
A. Meycrhnff, administrative secre¬ 
tary of the American Association 


for the Advancement of Science. 
Officers of the Academy for 1949- 
1950 will bo installed by Sidney S. 
Negus, Academy president. 

Meetings of Sections will con¬ 
tinue until noou on Saturday. Field 
trips will be conducted by geolo¬ 
gists and botanists in the afternoon. 
On Saturday evening, all in attend¬ 
ance at the meeting ore invited by 
those in charge of the Virginia In¬ 
dustrial Exposition to be guests at 
il preview at the Atlantic Rural Ex¬ 
position grounds, arranged for 
members of the Academy. 


The National Registry of Rare 
Chemicals, 35 West 33 rd Street, 
Chicago 16, Illinois, has submitted 
the following liBt of wanted chem 
icols; cumic acid, 5-pentadecylre- 
sorcinol, perylene, propadicne, 1,3,5- 
hexutrienc, myosmine, thymotic 
acid, thujyl alcohol, 1,2-hcxadiene, 
3-seniicarbazidobenzamide, 2,5-thio- 
phanedicarboxylic acid, sodium 
chloroBmate, sinigrin, hemopyrrole, 
fumigatin, 2,3-dihydroxynaphtha 
lene, cis-9-dodeccnoic acid, 2,4,5- 
trinitrotoluene, pyrographitic acid, 
and phtliionie acid. 

The Scientific Monthly , in coopera¬ 
tion with the Smithsonian Institu¬ 
tion, will sponsor for the third yenr 
the International Photography-in- 
Science Salon, a competition to en¬ 
courage and extend the use of pho¬ 
tography as a basic research tool. 
Entries will be received by the editor 
of The Scientific Monthly, 151.5 Mas¬ 
sachusetts Ave., N.W., Washington 5, 
D. C,, from August 24 to September 
14, 1049. 

First, second, and third awards aud 
five honorable mentions will be given 
for the scientific photographs judged 
to bo the best in the black-and-white 
and color sections of the Salon. Spe¬ 
cialists in science and photography 
who will serve as the judging com¬ 
mittee will consider the initiative, 
originality, and results obtained more 
than the composition and pictorial 
quality. All photographs must be 
taken for scientific purposes. 

The prints selected for awards 


and display will be shown at the U. S. 
National Museum during October 
1949 and at the New York meeting of 
the AAAS in December, They will 
then go on tour of scientific centers 
here and abroad. 

Earlier prise winners have been 
William F. Meggers, chief of the 
Spectroscopy Section, National 
Bureau of Standards, for ** Natural 
and Artificial Mercury, 5461 A”; 
Thomas C. Poulter and Walter K. 
Lawton, of the Southwest Research 
Institute, for “Photographic Study 
of the Explosive Charge used in the 
Poulter Method of Seismic Explora¬ 
tion”; and Edwin R. Willis, of the 
Philadelphia Quartermaster Depot, 
for a photograph taken in an inves¬ 
tigation of the olfactory responses of 
female mosquitos. 

The origin of com, which has 
puzzled botanists for four centuries, 
is a step nearer solution because of 
a discovery in central New Mexico 
of cobs and pieces of corn more than 
4,000 years old. The discovery was 
made last summer by Herbert Dick 
and C. Earle Smith, on a Peabody 
Museum expedition searching for 
traces of eariy American man in 
the Upper Gila River area. OveT 
700 cobs were found in a layer of 
accumulated refuse in Bat Cave, in 
New Mexico. By carefully removing 
the debris, which consisted of ashes, 
animal bones, and other refuse in 
six strata, each about a foot thick, 
it was possible to study, the speci¬ 
mens. Writing in The Journal of 
Heredity, Paul C, Mangelsdorf, di¬ 
rector of the Botanical Museum at 
Harvard, and Mr. Smith report 
that 11 the primitive corn found by 
the expedition, although probably 
not itself wild corn, is [possibly] 
not far removed in its character¬ 
istics from'the long sought for wild 
corn. ’ 1 The discovery also shows 
that primitive corn was both a pop 
and a pod corn, and was not, as 
many botanists have supposed, de¬ 
rived from teosinte, a Central and 
Houtb American grass closely related 
to corn. 
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Growth and Morphogenesis 

Edmund W. Sinnott, Yale University 

AN INDICATION of the great and continuing 
interest in the problems of organic develop- 
^ ^ ment is the appearance of two volumes 1 of 

papers in this held. Those in the first volume were 
presented at a symposium of the Society for Experi¬ 
mental Biology held nt Cambridge, England in July, 
1947, and are now published under the title Growth 
in relation to differentiation and morphogenesis. 
Those in the second are an outgrowth of a conference 
on “The Chemistry and Physiology of Growth” held 
at Princeton in September, 1946, as part of the cele¬ 
bration of the Bicentennial of Princeton University. 

These essays cover many of the fields of research in 
plant and animal development. They illustrate how 
the various disciplines of the life sciences are coming 
to focus on the central problem of the methods by 
which living matter produces those specifically formed 
and functioning structures which are so well termed 
organisms. Embryology, moving from its descriptive 
and phylogenetic beginnings to experimental attack, 
long ago began to study this question. Morphology, 
realizing that organic form is the visible expression of 
organization, began to seek the causes of form. Ge¬ 
netics, having outgrown ita “classical” phase, is now 
engaged in the far more difficult problems of the mech¬ 
anism of gene action and the relations between genes 
and the individuals which develop under their control. 
Physiology itself is concerned more and more with 
developmental problems. Various aspects of these 
fields are treated in the present volumes. 

In the Cambridge symposium, the first paper, “The 
Role of the Cell in Determination” as illustrated by 
the metamorphosis of a blood-sucking bug, Rhodnius, 
is discussed by V. B. Wigglesworth, who suggests that 
“the supraoellukr fabric is a chemical continuum, a 
'molecule' in the sense that it is held together by chem¬ 
ical bonds; and that it is the continuity of this sub¬ 
stance from cell to cell which provides for the unity 
of the organism.” It should be noted in passing that 
G. A. Baitsell presented this viewpoint in 1939 (Amer. 
Nat. 1940, 74 , 5-24). 

1 Growth in relation to differentiation and morphogenesis. 
(ByrnpoflUi of the Society for Experimental Biology, No. II.) 
New York : Academic Press, 1MB. Pp. vl 4 8flfl. (Illus¬ 
trated.) 17.00. 

The ehomietry and physiology of growth. Arthnr E. 
Parpart. (Bd.) Princeton, N. J.: Princeton Onlv. Press, 
1B40. Pp, vil + 208. (Illustrated.) |4.BO. 


The next three papers are in the familiar tradition 
of experimental embryology and morphology. “Con¬ 
cepts on the Mechanism of Embryonic Induction and 
their Relation to Parthenogenesis and Malignancy,” 
by J. Hoi tf re ter, treats of embryonic induction in 
amphibia. The author believes that “the external 
stimuli capable of inducing these phenomena are un¬ 
specific and are related to eneh other merely by the 
faculty of causing the liberation and mutation of cer¬ 
tain morphogenetic compounds (plasmagenea) which 
are self-reproductive.” “On the Developmental Phys¬ 
iology of the Sea Urchin,” by 6. Hbrstadius and T. 
Gustafson, discusses certain aspects of embryonic me¬ 
tabolism. In “Growth and Differentiation of Nerve 
Fibres” J. Z, Young describes the various processes 
concerned in the regeneration of nerves. Although 
we are beginning to gain some exact information about 
this process, tho author thinks it unlikely that our 
knowledge of it will be quickly reduced to simple 
general terms. 

These are followed by three papers in a related 
group dealing with fnctors concerned in the induction 
of flowering in the higher plants, especially photoperi- 
odism, vernalization, temperature, and hormones. F. 
G. Gregory discusses “The Control of Flowering in 
Plants,” presenting on excellent review of the various 
hypotheses which have been put forward; EL C. Ham- 
ner, “Factors Governing the Induction and Develop¬ 
ment of Reproductive Structures in Plants,” with 
especial reference to “phasic development 11 ; and R. 
Harder, “Vegetative and Reproductive Development 
of Kalanohoe Blossfelddana as Influenced by Photo- 
periodism.” With these should also be mentioned a 
paper which comes somewhat later in the volume, 
“Morphogenic Factors as Exemplified by the Onion 
Plant,” by 0. V. S. Heath and M. Holds worth, which 
postulates two hormone systems controlling the for¬ 
mation of bulbs and of flowers. 

P. J. Gailiard describes the culture in vitro of en¬ 
docrine glands of man, especially the parathyroid, 
and their transplantation into patients suffering from 
glandular deficiency, with resulting success in effect¬ 
ing cures, 

Five papers are concerned with one phase or an¬ 
other of the problem of gene action, C. H. Wadding- 
ton in “The Genetic Control of Development” dis¬ 
cusses various ways in which specific cytoplasmic 
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proteins, essential for the origin of differentiation, 
may be produced. In "Nucleus and Cytoplasm in 
Differentiation” K. Mather treats of the same problem 
from a somewhat different viewpoint. S. Spiegelman, 
in "Differentiation as the Controlled Production of 
Unique Enzymatic Pat¬ 
terns," supports the 
plasmagene theory on 
evidence derived from a 
study of enzymatic 
adaptation and enzyme 
patterns in general. 

Hans Griineberg in 
"Genes and Patholog¬ 
ical Development in 
Mammals" considers h 
wide range of gene ef¬ 
fects which result in 
pathological or atypical 
characters. Ernst Hn- 
dorn describes "Gene 
Action in Growth and 
Differentiation of Lethal 
Mutants of Drosophila." 

In quite a different 
vein are four papers 
which are concerned 
primarily with the de¬ 
velopment and the ar¬ 
rangement of leaves on 
the plant axis. F. J. 

Richards in "The Geom¬ 
etry of Phyllotaxis and 
its Origin,” reviews the 
complex phenomena of 
phyllotaxis and con¬ 
siders various explana¬ 
tions which have been 
proposed for it. Mary 
Snow and R. Snow, 
writing "On the Deter¬ 
mination of Leaves," 
consider the same problem on the basis of their experi¬ 
mental studies. Evidence from extensive experiments 
on the shoot tip is presented by Ernest Ball in "Dif¬ 
ferentiation in the Primary Shoots of Lupinua albus 
L. and Tropaeolutn majus L.," especially with refer¬ 
ence to histological differentiation. C. W. Wardlaw in 
"Experimental Morphology with Special Reference to 
Pteriodopbytes” shows that in these plants, where the 
terminal meriBtem is dominated by an apical cell, the 
resulting growth pattern is essentially like that of 
the seed plants, where the meristem is very differently 
organized. 


The final essay, "Observations on the Present State 
of Embryology,” by J. H. Woodger, is a plea for 
more attention to the construction of hypotheses in 
embryology, using the logical techniques now available. 
These hypotheses, which he thinkB will probably seem 

very unorthodox, should 
be based not only upon 
biochemistry and X- 
ray crystallography, but 
upon the d ata of em¬ 
bryology itself, with the 
emphasis upon rela¬ 
tional properties. 

The Princeton volume 
contains ten essays, of 
which the first six are 
primarily concerned 
with growth rather than 
development. J. H. 
Northrop presents a 
general discussion of 
"Enzymes and the Syn¬ 
thesis of Proteins," with 
an extensive bibliogra¬ 
phy. F. 0. Schmitt, in 
"Molecular Morphology 
and Growth," describes 
our knowledge of the 
fibrous proteins, and 
offers some suggestions 
for fruitful fields of 
study in connection 
with protein molecules 
generally. K. V. Thi- 
mann, in "Plant Growth 
Hormones, 11 reviews the 
multiple effects of auxin 
on growth, especially 
with isolated plant parts. 
K. Folkers, in "Uni¬ 
dentified Vitamins and 
Growth Factors," de¬ 
scribes a considerable series of these and their proper¬ 
ties. C. B. van Niel, in "The Kinetics of Growth of 
Microorganisms," points out that with modern tech¬ 
niques for turbidity measurement growth studies on 
populations of such organisms can be readily made, 
and the kinetic aspects of growth analyzed. E, 6. G. 
Barron, in "Cellular Metabolism and Growth." shows 
the relation between metabolic processes and the 
growth and division of cells. 

The last four pages are of more particular interest 
to students of development and morphogenesis. Paul 
Weiss here treats at some length the problem of "Dif- 



Plonts with root* growing from their tlpl as an Illustra¬ 
tion of the use of plant hormones In modiflylnff growth and 
development. Early work was done by P. W. Zimmerman, 
and A. E_ Hltchcrx* of the Poyce Timm peon Institute for 
Plant Research, Ino., Ytmkprs, New York. {Science Service 
Photo.) 
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ferential Growth.” He discusses cellular differentia¬ 
tion primarily in molecular terms, emphasizing mo¬ 
lecular "ecology” and the importance of organization 
at cell surfaces. Growth, and especially its orientation 
and the elaboration of growth patterns, must be re¬ 
ferred, he believes, to cellular differentiation, although 
behind it all, and not reducible to molecular terms, 
there is still a prior topographical organization to be 
reckoned with. There is no single master clue, he be¬ 
lieves, to differential growth or to growth in general. 

J. S. Nicholas discusses various “Problems of Or 
ganizatinn,” including nucleo-oytoplasmio relations, 
egg constituents, organizational dependencies, inde¬ 
pendent movements, moss movements, chemical or¬ 
ganization, and regeneration, as illustrated in the em¬ 
bryology of amphibia, Drosophila, and the chick. 

C. P. Ithoads approaches the problem of develop¬ 
ment through a study of “Neoplastic Abnormal 
Growth.” He stresses especially the importance of 
genetic changes in the production of cancer, although 
self-perpetuating cytoplasmic factors and virus bodies 
cannot be neglected. “The neoplastic process,” he be¬ 
lieves, “is a distinctive, characteristic sort of abnormal 
growth, malignant as well as autonomous, something 
more than a quantitative deviation from the normal 
rate and extent of differentiation.” 

In “The Adrenal Gland, a Regulatory Factor,” C, 
N. H. Long discusses the regulatory interplay of three 
elements of the endocrine system—anterior pituitary, 
adrenal cortex und medulla—and pays particular at¬ 
tention to the role of adrenal cortical hormones in 
hastening the translocation of intact cellular protein 
molecules to all parts of the body. 

The variety of topics discussed in these volumes tea- 
tides to the wide diversity of viewpoints from which 
the problems of morphogenesis are being attacked and 
raises the question as to whether this field of biology 
does indeed have a content of subject matter and a 
program of specific objectives sufficiently different 
from other fields so that one is justified in treating it 
as a distinct discipline. Is it simply one kind of 
morphology, or physiology, or genetics, or is it differ¬ 
ent enough from all the rest to stand on its own feetT 

The answer to out question, I think, is given in the 
very name morphogenesis itself— the origin of form. 
Perhaps the most distinctive aspect of living things 
is that they possess specific forms, those constant pat¬ 
terns of external and internal structure by which they 
can be recognized. What makes this fact significant 
is that form is the outward and visible expression of 
biological organization. Needham has well said that 
“the problem of organization is the central problem 
of biology, and the riddle of form is the fundamental 
riddle.” Morphology dealB with form, but in a de¬ 


scriptive and comparative manner only. So do its 
related disciplines of histology and anatomy. Em¬ 
bryology is concerned with the development of form 
but not its cause. Unlike these, morphogenesis en¬ 
deavors to understand the mechanisms involved in 
form development and the fundamental causes which 
are responsible for it, thus striking at the heart of 
the problem of organization itself. Other biological 
sciences deal with other aspects of organisms—with 
their metabolism, their heredity, their evolution, their 
environmental relations or their classification—but 
only morphogenesis is concerned specifically with the 
problem of their organization, of what really makes 
them organisms. Morphogenesis as distinguished by 
its objectives thus occupies a unique position, and in 
a sense the topmost one, in the hierarchy of biology 
and seems clearly to deserve recognition as a distinct 
discipline. 

If this is true, why should morphogenesis in prac¬ 
tice often seem so diffuse, so fumblingf The answer 
is not difficult. It has, to be sure, a definite and unique 
goal, but this goal is one of extraordinary difficulty, 
since in a real sense it is the problem of life itself. 
It involves not only techniques of analysis, in which 
science is so completely at home, but the much more 
difficult ones of synthesis. It is concerned not only 
with specific substances, but more particularly with 
specific relations. The problem of organization, as 
the history of biology shows, is extraordinarily re¬ 
sistant to central atlnck. We can make forays into 
one corner of it or another, but to strike successfully 
at the citadel itself is so difficult that it may require 
tools and techniques which as yet we do not possess. 
It i& no wonder that the morphogeneticist, circling 
around the periphery of his great objective, is often 
at a loss how to make a direct approach to it, and that 
his efforts frequently seem halting and ineffectual, 
What distinguishes a biologist when he is working in 
this field is not his methods, but the character of his 
objective. 

What can the morphogeneticist do toward the solu¬ 
tion of his problem ? The volumes here under review 
show some of the lines of attack open to him. Much 
of a purely descriptive character, like Dr. Richards' 
analysis of phyllotaxy, yet remains to be done. In 
the minds of many, unfortunately, such work often 
suffers from the fact that it does not deal directly 
with causes, that it is not primarily experimental, that 
its conclusions do not seem to strike at the root of 
the matter. And yet such work is absolutely neces¬ 
sary to an understanding of the problems that are to 
be attacked, and often provides important clues for 
further progress. Certainly the concept of allometry, 
which has made it possible to express by single con- 
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stouts the relative gTowth of parts or dimensions, has 
simplified many of the complex phenomena, of devel¬ 
opment and has made it possible to present to the 
physiologist a much more concrete problem than 
would have been possible before the use of this new 
technique. D'Arcy Thompson's demonstration that 
one organic form may be transformed into another by 
the regular deformation of a coordinate system in 
which it has been inscribed, and that any modification 
of this form affects the whole system rather than a 
local part of it, is surely not without significance for 
an understanding of the integrating factors in devel¬ 
opment. The student of morphogenesis in his haste 
to use the methods of his colleagues in physiology and 
biochemistiy should not neglect this descriptive pari 
of his problem, for it may well point the direction in 
which he must guide his steps. 

Of course the morphogeneticist also employs the 
techniques and draws upon the data of other fields of 
biology, as well as of biochemistry and biophysics, 
and most of the progress which he has made has come 
in this way. An analysis of the amphibian organizer 
is clearly one important line of attack. So is the 
study of how photoperiodism, temperature, mechanical 
factors, and phytohormones affect the development of 
plant structures. No analysis of development can be 
complete unless it considers the role of enzymes, nu- 
cleoproteins, and other factors which are primarily 
biochemical in their nature. Molecular morphology 
and ecology must be considered. The fine structure of 
protoplasm cannot be neglected, nor the evidence now 
available from electron microscopy. Certainly with¬ 
out an understanding of gene action no sound theory 
of morphogenesis can be built. These methods of at¬ 
tack and many others are open to the morphogenetic 
practitioner and it is here that most of his efforts nt 
present are being exerted. Their wide diversity is 
what sometimes lays him open to criticism as a man 
who cannot make up his mind as to where he is going. 
He knows where he would like to go, but it is extra¬ 
ordinarily difficult to discover the way thither. 

Temptations often beset anyone who undertakes to 
work in morphogenesis, temptations to oversimplify 
his problems, to regard as a solution something that 
is only a first step toward it. He is inclined, for 
example, to look for "formative substances" which by 
themselves control the development of speeifle struc¬ 
tures. Many specific substances are certainly impor¬ 
tant in developmental processes and their study has 
done much to increase our knowledge of the mecha¬ 


nism of growth eontrol. But it is naive, I think, to 
believe that any substance, however potent, can of 
itself determine a particular organic form. We 
should remember the words of J. S. Haldane, that 
"we are faced with the question how this particular 
substance is present at the right time and place, and 
reaotb to the right amount to fulfil its normal func¬ 
tions." The substance is merely the agent of some¬ 
thing more fundamental, of that "prior topographic 
organization" of which Dr. Weiss speaks. In the 
same vein, Dr. Woodger in his essay calls attention 
to the fact that many biochemical reactions take place 
quite differently inside a living organism from what 
they do in vitro. We should recognize that such sub¬ 
stances do their work not directly, but by their effects 
on a system of organized relations through which the 
ultimate control is exercised. To Btop anywhere short 
of an understanding of such a system is to fail in the 
ultimate aim of morphogenesis, however valuable and 
necessary any preliminary steps may be. 

Of course to gain such understanding is remarkably 
difficult. Relations seem to be much harder things to 
study than atoms, but we should not hesitate to ex¬ 
plore the problem as well as we can. The idea that 
Dr. Wigglesworth proposes, for example, that the 
whole organism is a chemical continuum and thus 
comparable, perhaps, to a single molecule, is such an 
exploratory attempt, and poBes a problem which can 
be attacked. The possible relation between the form 
of protein molecules and that of the organism in 
which they occur may well be a fruitful idea. The 
whole concept of morphogenetic "fields,” vague as it 
is, ia a step in the B&me direction. The problem we 
are here facing is one of the ultimates. It may well 
require for its solution something more than the well- 
established concepts with which biology has chiefly 
dealt. Here is the place for those new, adventurous, 
and unorthodox hypotheses for which Dr. Woodger 
pleads, hypotheses which are not vogue and hazy but 
which can be tested by techniques now available to 
biologists. 

The present volumes are a challenge to all students 
of development, for they not only present the results 
of some very significant work in this field, but raise 
again the question of what morphogenesis is and 
ought to be, and point to the great enigma with which 
every student of biology is ultimately faced and which 
it is useless to evade or minimize—the problem of 
biological organization, which is really the problem of 
life itself. 
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A Cultural Approach to World Order 


Kirtley F. Mather, Harvard University 

A lthough “world order" necessarily 

involves “world government/' it is increas- 
^.ingly apparent that the spirit ot world com¬ 
munity is even more essential to its attainment than 
any blueprint oi legal structure or any document 
embodying a world constitution. Every intelligent 
person is now aware of the unity of the world from 
a functional and geographic viewpoint. Economic 
isolation is a thing of the past. Blit from the human 
viewpoint ours is a world of fragments. The seg¬ 
ments of mankind are separated by cultural and 
ideological chasms that are wide and deep. There 
can be no ‘‘world order" until men emerge from their 
ethnocentric bomb shelters and participate in a com¬ 
mon cultural development toward one world of hu¬ 
manity. 

Dr. NoTthrop’s symposium, Ideological difference * 
and world order / cuts therefore to the very heart of 
our present, most imperative problem. Its subtitle, 
Studies in the philosophy and science of the world’s 
cultures , sounds erudite and academic, but it is in 
fact one of the most practical and pertinent ap¬ 
proaches toward meeting the world's most poignant 
needs that anyone could undertake. It is still true, as 
Thomas Huxley said long ago, that “the world in 
which we live is governed by ideas." To become well 
acquainted with the ideas that rule the lives of men— 
ourselves and our fellows beyond the boundary lines 
on maps—is the first step toward the establishment 
of order in our world, and indeed there is no other 
step that can start us along that much desired path¬ 
way. 

This book is uniquely valuable not only because of 
its purpose but also because of the method selected 
to accomplish that purpose. It is concerned essen¬ 
tially with “the ideological differences which present 
obstacles on the way" to the goal of world order and 
with “the methods suggested by the contemporary 
social sciences and the philosophy of culture for the 
removal of these obstacles." Its authors are many 
rather than one. Each of them “is indigenous to or 
expertly acquainted with the culture upon which he 
writes." The 21 essays comprising the volume are 
superficially independent of each other and quite indi¬ 
vidualistic in style and content. But they are inte¬ 
grated by the common objective and together they 

x Ideoloylodl differences and world order: studies *n the 
philosophy and toionct of the world 1 * on It lire. F. S. C. 
Northrop. (Ed.) Now Haven, Conn. : YhIp Pnlv, Pretie. 

1040, Pfr xl + 466. M OO. 


present a gratifyiugly broad and fundamentally pro¬ 
found analysis of the world picture. It is not an 
altogether happy picture, but it depicts a reality that 
must be accepted and that has encouraging aspects 
as well as discouraging ones. 

First in the sequence is Dean Roscoe Pound's con¬ 
tribution to the symposium on “The University and 
Its World Responsibilities" that was part of the 
Princeton University Bicentennial Celebration in 1047. 
Published here for the first time, it stresses the idea 
ihut “men with very different conceptions of the social 
order, groups of men with one ideul or picture of 
what ought to be and other groups with wholly diver¬ 
gent pictures, must live together and work together 
in a complex social organization." Without pretend¬ 
ing “that education ... is the one thing needful 
Lowurd a world moral and legal order," he outlines 
convincingly the steps that universities might take 
to lay a foundation for a “new jus gentium " 

The philosophy at the basis of traditional Chinese 
society is expertly presented by Professor Fung Yu- 
Lan, of Tsing Hua University, and the philosophical 
basis of Chinese painting is set forth in an unusually 
interesting and infonnutive essay by Chiang Yee, 
artist and poet now residing in Oxford, England, who 
formerly was an administrative official in China and 
who for a time was a member of the faculty of the 
University of London. 

Professor Emeritus Charles M. Bakewell, of Yale, 
former State Senator and U. S. Congressman, con¬ 
tributes the fourth essay, an analyst of the philo¬ 
sophical roots of western culture, and Matila Ghyka, 
formerly in the diplomatic service of Rumania and 
now visiting professor of esthetics in the University 
of Virginia, discusses the Pythagorean and Platonic 
scientific criterion of the beautiful in classical western 
art. Neither of these papers iB as semote and aca¬ 
demic as its title might suggest; even a geologist 
gained much significant information from them. 

Continuing this routine of focusing the spotlight 
temporarily and sequentially upon various portions 
of the total Beene, Professor Robert Grinnell, of the 
University of California, writes about Franciscan 
philosophy and Gothic art, and Dr. Overton H. Tay¬ 
lor, of Harvard, presents a penetrating study of the 
philosophies and economic theories in modem occi¬ 
dental culture. Professor Leopoldo Zea, of the Na¬ 
tional University of Mexico, follows with an analysis 
of positivism and Porflriam in Latin America. 
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It is frequently stated that Soviet law has intro¬ 
duced conceptions which create an impediment to 
relations between the Anglo-American world and the 
USSR. Soviet jurists are equally sharp in their 
denunciations of the concepts of the common law of 
England and the United States. Professor John N. 
Hazard, of Columbia, therefore explores the charges 
and Conn ter-charges and searches for the basic as¬ 
sumptions on which they appear to rest. Presumably 
with no ulterior motive for such juxtaposition, the 
next essay discusses the New Deal as a cultural phe¬ 
nomenon. It is by Professor T. V. Smith, now at 
Syracuse University, who concludes that “from defects 
as from virtues, one must nevertheless interpret the 
New Dears course as America's penchant for the 
middle of the road.” 

Turning from regional to universal matters for a 
few moments, the book continues with an incisive, 
penetrating and illuminating essay by Professor P. 
W. Bridgman, of Harvard, Nobel Laureate in Physics, 
who explores the nature and the possibilities of the 
potential intelligent society of the future. “Never in 
human history has intelligence been allowed full op¬ 
portunity, nor have its potentialities for a revolution¬ 
ary recasting of society and culture been adequately 
appreciated.” With his characteristically conserva¬ 
tive optimism, Professor Bridgman believes that tech¬ 
niques are now in hand for making the necessary ad¬ 
justments between the other emotional needs and the 
quest for truth, to which the first and foremost con¬ 
sideration must be given. 

Next comes a most informative account of the phi¬ 
losophy of the British Labor Government by Lord 
Lindsay of Birker, Master of Balliol College at 
Oxford. In England as in America, the great un¬ 
solved problem “is whether planning is compatible 
with democratic freedom,” The British Labor party 
doeB not yet know whether unemployment can be pre¬ 
vented and a high standard of living can be main¬ 
tained without “a degree of compulsion entirely in¬ 
compatible with [its] ideals and traditions.” Across 
the channel the French are confronted by similar 
dilemmas. Professor Henri Peyre, of Yale, ap¬ 
proaches them from the viewpoint of literature and 
philosophy in contemporary France. 

American scientists will be especially interested in 
the next essay, dealing as it doeB with the impact of 
politics on science. Professor Manuel Sandoval Val- 
larta, of the National University of Mexico, was for 
a time the ebairman of the United Nations Atomic 
Energy Commission, and in this essay he presents a 
cogent analysis of the conflict between ideas of secur¬ 
ity and secrecy that are natural components of the 
political and military mentality on the one hand and 


£he necessity for freedom in research and communi¬ 
cation that is recognized with equal naturalness ia 
scientific circles on the other hand. His citation of 
the successful operation of the Mexican “Comision 
Impulsora y Coordinadora de la Investigacion Cion- 
tifica” since its establishment in 1043 is especially 
pertinent at this time when the 81st Congress is con¬ 
sidering a National Science Foundation for the United 
States. 

Scientists also will read with profit Julian Hux¬ 
ley's article about the purpose and philosophy of 
UneBco. It is a considerably abbreviated and 
slightly amended version of a pamphlet published in 
1946. Since then he has become convinced that 
“Unesco can best achieve its aims by undertaking a 
program of concrete and limited projects, and that on 
such a program a remarkable degree of agreement can 
be reached among delegates with astonishingly differ¬ 
ent philosophical, racial, and cultural backgrounds.” 
Even so, "Unesco needs not only a set of general aims 
and objects for itself but also a working philosophy, 
ti working hypothesis concerning human existence and 
its aims and objects, which will dictate, or at least 
indicate, a definite line of approach to its problems.” 

David Bidney, Research Associate of the Viking 
Fund, the foundation that sponsored the entire vol¬ 
ume, comes next with a stimulating study of the con¬ 
cept of meta-anthropology and its significance for con¬ 
temporary anthropological science. “A genuinely sci¬ 
entific and realistic view of cultural dynamics will be 
one which is based on a healthy respect for the com¬ 
plexity of cultural life and for the reciprocal influ¬ 
ence of subjective and objective factors. Only by 
keeping in mind the Platonic vision that integration, 
whether of culture or society, is essentially a matter 
of harmonizing the one and the many cun this ob¬ 
jective be attained.” As if to prove that this is pos¬ 
sible, the following essay by Professor Clyde Kluok- 
holn, of Harvard, on the philosophy of the Navaho 
Indiana, describes “not only Navaho ethics and values 
but also some of those highest common factors that 
are implicit in a variety of the doings Hnd sayings of 
the Navaho.” 

Continuing in this same vein, Professor Francisco 
Romero, of El Colegio Libre de Estudios Superiores 
de Buenos Aires, discusses “Mao and Culture,” And 
Professor Northrop contributes a characteristically 
lucid analysis of ideological man in his relation to 
scientifically known natural man. Then, Professor 
Pitirim A. Sorokin, of Harvard, takes issue with 
Danilevsky, Spengler, and Toynbee in a short essay 
concerning the lasting and dying factors in the worlds 
cultures. Finally, Gray L. Dorsey, Fellow of the 
American Council of Learned Societies, describes two 



April 22 , 1949, Vol. 109 


SCIENCE 


397 


objective bases for a world-wide legal order. These 
are “found in the traditional cultures of what Maine 
considered the two significant types of societies. This 
means that the fundamental bases for a universal 
law are present in deep-lying, lasting cultural tradi¬ 
tions of the world." 

It is Dorsey, too, in almost his last sentence, who 
brings ub round the full circle to the thoughts with 
which this review began, when he writes: “The legal 


order must be supported in the hearts, minds, and 
actions of men to be vital.” There of course is the 
crux of the whole problem. There also is the oppor¬ 
tunity for men who have confidence in the processes 
of education nnd persuasion. And for them this book 
will prove both an inspiration and a treasure house 
of ideas and information. All such will agree that 
Professor Northrop’s endeavor and the labors of his 
galaxy of writers have not been in vain. 


Cybernetics: A New Discipline 

Churchill Eisenhan, National Bureau of Standards, Washington, D. C. 


H AVE YOU TAUGHT SOMEONE to drive a 
car lately? If not, perhaps you can recall 
how when you yourself were learning to 
drive, the car, in response to your instructions, veered 
first too much to the left, then too far to the right, and 
generally pursued an awkward zigzag course down the 
road. With training you or your proteg£ no doubt 
learned to pilot a car ho that it proceeded smoothly, 
without jerks or wobbles, from one to the other of 
two given points by what you believed to be the short¬ 
est route consistent with the rules of the road and the 
curves involved. If these remarks bring to mind vivid 
recollections of the kind of experience just described, 
then you have already had good firsthand experience 
with applied cybernetics, and (whether you realize it 
or not) you already know something about the subject. 

The word cybernetics is a neo-Greek expression 
coined to fill a need felt by Professor Wiener 1 and his 
associates for a single term, unprejudiced by previous 
usage, that could be used to designate the whole ex¬ 
panse of control and communication theory pertinent 
to the description, analysis, or construction of systems 
that involve (1) mechanisms (receptors) for the 
reception of messages or stimuli, (2) means (circuits) 
for communication of these to (3) a central control 
unit that responds by feeding back through the system 
(4) instructions that (will or tend to) produce specific 
actions on the part of (5) particular elements (effec¬ 
tors) of the system. To this end, the word cybernetics 
was therefore formed from the Greek word for steers- 
man, ^^tpv^Tr^ (kybernetes), Besides having ap¬ 
proximately the desired connotation, this Greek word 
is all the more symbolic on account of the fact that 
its Latin corruption, gubemator, is the origin of our 

1 CfjbemetirB : or oontrol and communication in the animat 
and the machine, Nortwrt Wiener. New York: John Wiley ; 
Parle, France ; Hermann et Cle, 1948. Pp. 194. 93.00. 


word governor , and, Professor Wiener points out, the 
first significant paper on feedback mechanisms is the 
article published by Clerk Maxwell in 1868 on the 
theory of the purely mechanical feedback Bystem rep¬ 
resented by the governor of a steam engine, a device 
invented by James Watt to regulate the velocity of his 
steam engine under varying conditions of load. 

The central concept in cybernetics is a feedback 
mechanism that, in response to information (stimuli, 
messages) received through the system, feeds back to 
the system instructions that modify or otherwise alter 
the performance of the system. It is important in 
cybernetics to distinguish positive feedback , which 
serves to increase what the system is doing in mag¬ 
nitude or direction, from negative feedback, which 
serves to oppose the performance of the system, e.g., 
to reduce its magnitude or change its direction. Thus, 
in psychology and neurophysiology one distinguishes 
between situations wherein an organism responds to 
a stimulus in such a manner as to acquire on increased 
amount of the stimulus (adience), and situations 
wherein the response is such as to reduce the amount 
of the stimulus received (avoidance). In practical 
nffoirs, positive feedback is generally scrupulously 
avoided, since, if uninhibited, it will lead obviously to 
an extreme state. Two cases of positive feedback in 
moderation that come to the reviewer’s mind are (a) 
adience of young mammals, which is essential to 
proper receipt of nourishment and to keeping warm; 
and (b) the regenerative circuits used in radio re¬ 
ceivers in the early days, to regenerate nnd thereby 
intensify a weak signal. Negative feedback mecha¬ 
nisms, on the other hand, are used widely, and are of 
considerable interest, for they embody what is gen¬ 
erally implied by the word “control.” * 

As we have noted, the governor of a steam engine is 
an example of a purely mechanical (negative) feed- 
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back mechanism. In the original form designed by 
Watt, two balls attached to pendulum rods swing on 
opposite sides of a rotating shaft, and their position, 
via a mechanical linkage attached to a collar about the 
shaft, controls the opening of the steam valve, reduc¬ 
ing the opening when the balls rise (increasing speed), 
and widening the opening when the balls fall (decreas¬ 
ing speed). Since the balls are thrown outward and 
upward by centrifugal force (the magnitude of which 
depends directly upon the angular velocity of the shaft 
mid ultimately upon the amount of steam admitted 
through the valve) and are pulled down by their own 
weight, the system seeks a compromise state which 
with good design is achieved promptly and is pre¬ 
served. In consequence the engine operates uniformly 
at the prescribed speed unless the load is changed, 
calling for more or less steam, which adjustment the 
balls promptly achieve. Bod design of the governing 
mechanism, on the other hand, may send the valve 
into violent oscillation and cause the engine to behave 
much like an automobile in the hands of a beginner 
who treads too heavily upon the gas, causing the car 
to lurch ahead, so that he releases the pressure of his 
foot upon the throttle, whereupon the car slows np 
abruptly and he increases pressure upon the throttle 
and produces another lurch ahead, and so forth. 

The ordinary thermostat by which the heating of a 
house or a room is regulated is perhaps a more famil¬ 
iar example of a negative feedback system. More com¬ 
monplace, but probably least familiar of aN, is the 
nervous system, which contains a control mechanism 
that makes possible the performance of our voluntary 
actions. With training and experience a child can 
pick up a pencil, cigarette, or piece of candy, without 
awkward gropings; but if the control mechanism in 
the cerebellum is in poor adjustment, as in the infant, 
considerable “hunting” takes place before the hand 
finds the object; and if the mechanism is damaged by 
injury to the cerebellum, attempts to pick up an object 
may (probably will) send the arm into violent oscil¬ 
lations of cerebellar or purpose tremor. 

Although feedback (and the control over a mecha¬ 
nism thereby effected) constitutes the central theme of 
cybernetics, there can be no feedback and no control 
unless there is communication of the incoming mes¬ 
sage (stimulus) from the receptor to the feedback 
mechanism and transmission of its message (instruc 
tions) to the effector parts of the system (e.g. to the 
valves of a machine, or to the muscles of an animal). 
The theory and techniques of communication are, 
therefore, fundamental parts of cybernetics. Since 
communication of a message may be represented quite 
generally as a times series of impulses, this brings 
in the study of time series, and especially th4 statistics 


of time series, in view of the problem of separating 
the message carried by a series of impulses from the 
random “noise” mixed in with the basic signal. Con¬ 
sequently, the theory of wave Alters and other devices 
used in telephone, radio, and television circuits for an- 
scrambling messages from mixed series falls within 
the province of cybernetics, as does also the theory of 
fire control devices for directing gunAre. These latter 
must resolve the true course of a target from the 
mixed and often contradictory impressions received 
(as a result of observational errors arising from tur¬ 
bulence of the atmosphere, if the sighting is optical; 
from static, if radar is used) and compute a predicted 
position at which to direct the shell. Consideration of 
such automatic fire control equipment for directing 
gunfire leads naturally to consideration of automatic 
sequence-controlled electronic and mechanical com¬ 
puting machines. The analogies of such Bystems to 
the brain and the nervous system are tempting. 

In Cybernetics , the first volume of a projected 
series, the author has undertaken to survey the entire 
field of control and communication theory and its 
various ramifleations. He has been remarkably suc¬ 
cessful in pointing out the similarities and equiva¬ 
lences (from a mathematical viewpoint) of many di¬ 
verse phenomena of man, animal, machine, and so¬ 
ciety; and has thus achieved a certain unified ap¬ 
proach to problems “of vital importance to psycholo¬ 
gists, physiologists, electrical engineers, radio engi¬ 
neers, sociologists, philosophers, mathematicians, an¬ 
thropologists, psychintrists, and physicists.” To this 
impressive list might be added also astronomers, geol¬ 
ogists, meteorologists, geneticists, and others. Later 
volumes are to cover specific applications in detail. 
(A second volume, Extrapolation, interpolation and 
smoothing of stationary time series, with engineering 
applications, by the same author, is scheduled for pub¬ 
lication in June 1949.) The present volume exhibits 
the value of cybernetics as an analogical tool; its 
sequels are to demonstrate the power of the method 
in particular contexts. 

In approaching the present volume, the readeT 
should not be discouraged by the mathematical dis¬ 
cussions, and should attend more to the spirit of the 
mathematics than to itB detail. Fortunately, the es¬ 
sential ideas are amply expounded in the verbal text; 
ho that on first reading, at least, one can profitably 
read along at a good pace, omitting the more trouble¬ 
some mathematical portions. The tremendous scope 
of this book is evidenced by its chapter headings: (I) 
Newtonian and Bergsonian Time; (II) Groups and 
Statistical Mechanics; (III) Time Series, Informa¬ 
tion, and Communication; (IV) Feedback and Oscil¬ 
lation; (V) Computing Machines and the Nervous 
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System; (VI) Gestalt and Univernals; (VII) Cyber¬ 
netics and Psychopathology; (VIII) Information, 
Language, and Society. A panoramic view of the 
whole i b given in the 33-page introduction, which ends 
with a pessimistic view of the future ol‘ human society 
and a note of discouragement concerning the possi¬ 
bility of developing an exact science of economics or 
sociology. The reader who is neither a mathematician 
nor an engineer may profitably skip from the intro¬ 
duction to Chapter IV, on first reading. Chapters 
TT-IV nre of particular interest to the mathematician 
and the electronic engineer; and Chapter III is of 


interest, to the student of theoretical statistics, in view 
of its new approach to the notion of the amount of 
information in a series of data. 

The text of the American edition, which appears 
to be a reproduction of the Paris edition (either by 
use of the same plates or by photographic means), 
unfortunately contains a fairly large number of typo¬ 
graphical errors. The present volume is also without 
an index. It iB to be hoped that these shortcomings 
will be rectified in future editions of the present 
volume and given due consideration in the publication 
of other volumes of the projected series. 


Cosmic Science and the Social Order 


Harlow Shapley, Harvard Observatory 

T HE MARIA MITCHELL of a century ago 
and the Albert Einstein of the present come 
together naturally in a joint review because 
along with their concern for sanity in social affairs 
neither slackened in ardor for knowledge of the uni¬ 
verse. Maria Mitchell followed well-established lines 
in her astronomical work, but broke new ground in ad¬ 
vocacy of higher education for women. Einstein broke 
new ground in the interpretation of the universe, then 
joined the hard fight for the lives and rights of free 
men. 

The books under review 1 are the story of the life and 
work of a New England spinster of the middle of the 
19th century, and the story of a portion of the deep 
and revolutionary thought of a master mind of this 
first half of the 20th century. Both volumes are read¬ 
able and thought provoking. 

In her volume, Sweeper in the sky, Miss Helen 
Wright has completed a study to which she has devoted 
many years. Herself a former student of astronomy 
in Vassar College, where Maria Mitchell, 80 years 
ago, spent some of the most fruitful years of her life, 
Miss Wright explored moat thoroughly the earlier 
career of this outstanding woman scientist—this na¬ 
tive of historic and romantic Nantucket Island, where 
her banker-scientist father guided her early astronom¬ 
ical studies and explorations. The Nantucket of 
those days was something of a cultural center, visited 
by the famous poets, writers, and scientists, and the 
Mitchells did much to make the local culture. 

Sweeper in the sky is a volume of charm and un¬ 
usual interest, largely because it deals with significant 

1 Sweeper in the eky. Helen Wright. New York; Ifac- 
mIlian, 1940. Pp. vll + 204. |4.00. 

the universe nnd Dr. Einstein. Lincoln Barnett. New 
York : William Bloane, 1048. Pp, 127. $2.00, 


phaseH of mid-19th-century America. The lives and 
principles of the orthodox Quakers of Nantucket, and 



the young girl scientists gradual, struggling with¬ 
drawal from the credal inflexibility of that religious 
group, make a fascinating tale. 

From, being a quiet, intense observer of the stars, 
Maria Mitchell rose suddenly to international fame 
through the discovery of a comet in 1847. The comet 
soon disappeared, but her fame remained. She was 
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elected in 1848 the first woman member of the Ameri¬ 
can Academy of Arts and Sciences, and remained the 
only woman member throughout the 19th century. 
It was not until 1943 that the somewhat stiff gentle¬ 
men of that ancient organization, which started with 
George Washington and John Adams in the early 
membership, yielded to the ferment that had quietly 
been planted by Maria Mitchell and her sister in¬ 
tellectuals; the Academy then elected four women to 
membership. In 1850 Maria Mitchell was elected to 
the AAAS—another first. 

That one ordinary comet, discovered with the small 
telescope on Nantucket Island, brought Maria Mitchell 
the prestige that her spirit and abilities merited. 
Without the recognition and responsibility, her career 
might have been obscure. If she had not been the 
first to detect the comet, it would have been picked up 
by another—in fact, it was independently discovered 
by Father da Vico of Rome a few days later. But the 
astronomers and public of old, as of now, attach a 
rather spurious importance to the individual who 
anticipates his colleagues by a few hours or days in 
seeing (or photographing) and officially reporting a 
new comet. Frequently we hang his name on the 
comet, and nowadays give him the Donahue Comet 
Medal, established and operated by the Astronomical 
Society of the Pacific. A century ago the King of 
Denmark established himself as a patron of the 
sciences, arts, and publicity by bestowing his royal 
blessing, and a medal, on the first discoverer of a new 
telescopic comet. Maria Mitchell got that medal and 
many congratulations from important people of the 
era, She was embarrassed by the acclaim, of course, 
but her family, her town, and her country were proud. 

Just one hundred years ago this month, the Den¬ 
mark King’s medal was put on display at a meeting 
of the American Academy *of Arts and Sciences. At 
that same meeting there were discussions,, by Benja¬ 
min Pierce and others, of the motions of the recently 
discovered major planet, Neptune. That was an 
exciting decade, astronomically—there was the mon¬ 
strous comet of 1843, the discovery of Neptune, and 
the founding at Harvard of the first large astronom¬ 
ical research institution in America—probably these 
events helped to enhance the wide fame of the studious 
lady of Nantucket. Her trip abrood (she traveled at 
times with Nathaniel Hawthorne and family) was 
scientifically a triumphal tour, She was rated along 
with Mary Somerville, the British mathematical 
astronomer and science writer, as the top woman 
scientist of the mid-century. On her travels she car¬ 
ried the first photograph of a star—a latchkey pro¬ 
vided her by the Bonds of the Harvard Observatory, 

It was natural, of course, that the hard-thinking, 
industrious and shy Maria Mitchell was asked to join 


the faculty of the new Female College founded at 
Poughkeepsie by Matthew Vassar. All those who are 
interested in the early history of that pioneer ethien- 
tional enterprise will find Sweeper in the sky an in¬ 
structive introduction. They will also like the tales 
of the Nantucketers and will chuckle over the foibles 
of the religious and intellectual leaders of Maria 
Mitchell's time and admire their virtues. The reader 
of Lincoln Barnett’s The universe and Dr , Einstein 
will not find muny chuckles in his small volume. They 



are, however, going to find something that to many 
appeals more deeply. They are going to find, for the 
first time in their inquisitive lives, that they really can 
“catch on to what this here relativity business means.” 
Mr. Barnett, a journalist who has graduated into pro¬ 
fessional authorship, favored me with part of his 
manuscript, asking if I would not check up on this 
and that. A good many manuscripts come my way, 
and I confess that Mr. Barnett’s pages were about to 
receive the kindly treatment that is customary, I am 
afraid, when laymen handle cosmogony, or the nature 
of universal forces, or the theory of relativity. But 
the first paragraph revealed that the author has under¬ 
standing and a facility of explaining the well-nigh 
inexplicable. He has done the best job I have seen 
in presenting partially the nature of the relativistic 
universe, and the history of Einstein’s thoughts as the 
still incomplete picture unfolded in his mind. 
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Mr. Barnett, with degrees from Princeton and Co¬ 
lumbia, has turned directly to the masters ut those 
institutions, to Hermann Weyl, Valentin Bargmann, 
H. P. Robertson, and William W. Havens, Jr. But 
I venture to suggest that the clarity of the presenta¬ 
tion of Einstein's universe did not come from the 
masters—they know too much! 

In his introduction to the volume, Einstein says 
that ‘'the main ideas of the theory of relativity are 
extremely well presented. Moreover, the present state 
of our knowledge in physics is aptly characterized. 
The author shows how the growth of our factual 
knowledge, together with the striving for a unified 
theoretical conception comprising all empirical data, 
has led to the present situation which is characterized 
—notwithstanding all successes—by an uncertainty 
concerning the choice of the basic theoretical con¬ 
cepts." Einstein also warns against the sort of 
popularization that “succeeds in being intelligible by 
concealing the core of the problem and by offering to 
the reader only superficial aspects or vague allusions, 
thus deceiving the reader by arousing in him the de¬ 
ceptive illusion of comprehension." 


Perhaps Mr. Barnett's readers may believe they 
comprehend more than is possible from a volume 
which must put its only mathematical symbolism in a 
brief appendix. But whether or not they are some¬ 
what deceived by the clarity of the presentation, those 
who have never looked thoughtfully into the problems 
of the nature of the world in which they live are 
going to turn from this volume a bit startled and 
starry-eyed; and many will wish it were twice the 
length so that some of the ideaB too briefly touched 
upon could have been spread out and illuminated. 
They will want to know more of the development of 
some of these surprising concepts—of the primordial 
field, the structure of space, atomic transmutation, and 
the fundamental mystery, still defying us, of clearly 
and unambiguously linking up the nature and forces 
of the microtomes with the nature and forces of the 
subatomic. 

The portrait of Maria Mitchell, lined an an <!luftirat(o» i*i 
Sweeper Id tlie iky, u>as painted bp H. Dae Bel in 188X. Dr. 
Eintttein'e photograph la reproduced here bp permimiion of 
Science Service. 
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Comments and 
Communications 

Do Fish Fall from the Sky? 

In view of the prevailing skepticism about rains of fish, 
my own observation a of this phenomenon may interest, the 
readers of Science. 

A rainfall of fish occurred on October 23, 1947 in 
Marksville, Louisiana, while I was conducting biological 
investigations for the Department of Wild Life and 
Fisheries. In the morning of that day, between seven 
and eight o’clock, fish ranging from two to nine inches 
in length fell on the streets and in yards, mystifying the 
citizens of that southern town. I was in the restaurant 
with my wife having breakfast, when the waitress in¬ 
formed us that fish were falling from the sky. Wo went 
immediately to collect some of the fish. The people in 
town were excited. The director of the Marksville 
Rank, J. M. Barham, said he had discovered upon arising 
from bod that fish had fallen by hundreds in liis ynrd, 
and in the adjacent yard of Mrs. J. W. Joffrioii. The 
cashier of the same bank, J. E. Groinillion, and two 
merchants, E. A. Blanchard and J. M. Brouillotte, were 
struck by falling fish as they walked toward their places 
of business about 7: 45 a.m. There were spots on Main 
Street, in the vicinity of the bank (a half block from the 
restaurant) averaging one flab per square yard. Auto 
mobiles and trucks were running over them. Fish also 
fell on the roofs of houses. 

They were freshwater fish native to local waters, and 
belonging to the following species: Large-mouth black 
bass (Micropterua aalmoidea ), goggle-eye (Chacnnbryttua 
coronariu8) t two species of sunfish (Lepnmin), several 
species of minnows and hickory shad (Poimrfobifs meth- 
dcria). The latter specifiB were the most common. I 
personally collected from Main Street and several yards 
on Monroe Street, a large jar of perfect specimens, and 
preserved them in Formalin, in order to distribute them 
among various museums. A local citizen who was struck 
by the fish told me that the fish were frozen; however, 
the specimens I collected, although cold, were not frozen. 
There is at least one record, in 1B96 at Essen, Germany, 
of frozen fish falling from the sky. The largest fish in 
my collection was a largo-mouth black buss 0± inches 
long. The largest falling fish on record was reported 
from India and weighed over six pounds. 

The fish that fell in Marksville were absolutely fresh, 
and were fit for human consumption. The area in which 
they fell was approximately 1,000 feet long and about 75 
or 80 feet wide, extending in a north-southerly direction, 
nnd was covered unevenly by fish. The actual falling of 
the fish occurred in somewhat short intervals, during 
fuggy and comparatively calm weather. The velocity of 
the wind on the ground did not exceed eight miles per 
hour. The New Orleans weather bureau had no report 


of any large tornado, or up drift, in the vicinity of Marks- 
villo nt that time. However, James Nelson Gowanloch, 
chief biologist for the Louisiana Department of Wild 
Life and Fisheries, nnd I had noticed the presence of 
numerous small tornadoes, or *' devil dusters f 1 the day 
before Iho "rain of fish" in Murksville. Fish rains have 
nearly always been described as being accompanied by 
violent thunderstorms and heavy rains. This, however, 
was not the case in Marksville. 

Certainly occurrences of this nature are rare, and rue 
not always reported, but nevertheless they are well known. 
The first mention of the phenomenon was made by 
Athunaseus in liis Dc pluvia pi actum nearly two thousand 
years ago, and E. W. Gudger, in his four collective 
articles, reports 78 cases of falling fish from the sky. 
There is no reason for anyone to devaluate the scientific 
evidence. Many people have never seen tornadoes, but 
they do not doubt them, and they accept the fact that 
wind can lift and carry heavy objects. Why can’t fish be 
lifted with water and carried by the whirlwind! 

Oyster Laboratory, Biloxi, Miasiafsippi ^® AJK0 ' 

The Linda Hall Scientific Library, 

Kansas City, Missouri 

Readers of scientific literature are watching with great 
satisfaction the impressive growth of the Linda Hall 
Library in Kansas City, This library, by agreement, is 
to be devoted exclusively to books and periodicals on 
science and technology. It should become the inoeca for 
all scientific readers of the western central states. 

The library was created eight years ago by an endow¬ 
ment in the will of Herbert F. Hall, a business leader of 
the vicinity. An estate of sixteen acres, four miles south 
of the business district of Kansas City and adjoining the 
campus of the University of Kansas City, was provided 
for the purpose. The library bears the name of the wife 
of Herbert F. Hall (Iwth Mr. and MrS. Hall are now 
deceased). The first books rind periodicals were pur¬ 
chased three years ago. 

Tho library is only a few blocks away from the Nelson 
Art Gallery, the Art Institute, and Rockhurst College. 
It will be near the grounds of the Midwest Research In¬ 
stitute when that organization moves to its new site in 
Kansas City. 

Five trustees, appointed by Mr. Hall, decided that tho 
new library should cover "the field of basic science and 
technology ’' and minister freely to the needs of 1 ' science 
scholars and research men." The library works in close 
cooperation with other libraries of Kansas City, nnd, 
under the terms of the will, it serves the scientific and 
technical book needs of the University of Kansas City 
faculty and student body. The University has trans¬ 
ferred most of its books on science to the shelves of the 
Linda Hall Library and all science periodicals necessary 
to the science departments of the University are now 
provided by the Linda Hall Library. 

Books and periodicals are coming in so rapidly that 
hardly any accurate statement can be made now on what 
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the library has to offer, A recent estimate places the 
number of bound volumes over 100,000. More than 
2,200 current periodicals are now coming in by subscrip¬ 
tion and by gift. T|ie collection covers such fields as 
those of the basic sciences and the industrial arts, and 
includes meteorology, building and construction, aero¬ 
nautics, printing, mining and metallurgy, and radio. 

The hound periodicals of many scientific academies and 
societies extend without interruption back to the 17th 
and 18th ccntnricp. For some of the more recent sciances 
the sets are complete—for example, all of the United 
States Geological Survey publications are provided, and 
several sets of the State Geological Survey publications 
h re ncnrly complete. 

The reader may sit in a reading room of the library 
and have books brought to him by a library attendant 
from flours above and below or from the adjacent build¬ 
ing. Or, in the periodical reading room, he may ask for 
any of the 2,200 files of periodicals, including the latest 
issues. The present full-time staff is eleven people, in¬ 
cluding four professional librarians. 

John R. Ball 

University of Kansas City 

Atmospheric Pressure and Bird Flight 

While the following observations have no direct bearing 
on the discussion of bird migration, they may contribute 
something as regards the effect of atmospheric pressure 
on bird flight. 

In tile fall of 1933 J was aboard a slow cargo ship oil 
the groat circle course, Lisbon to New York. A small 
West Indian hurricane had started north about the time 
we left Lisbon; it should have been entirely dissipated 
long before we "went over the hill." But the storm was 
also slow, and was still meandering up the coast when we 
reached the Newfoundland UankB. By calculation, it was 
due to strike inland at New York at the time we would 
be off Boston; our course was shifted to the eastward, 
to run well outside and ride in behind it. 

This proved rather to be a collision course, for the 
storm recurved and followed the Long Island coast out¬ 
ward, with the result that we ran squarely into it off 
Nantucket, in a quadrant and at au angle which no navi¬ 
gator would deliberately have chosen. There was nothing 
then to be done but heave to and hope for the best; and, 
in due time, the storm center passed directly over us. 

Any hurricane Is a major disturbance, but fortunately 
this one was not of maximum area or intensity. It was, 
however, still intact and perfectly formed; the center, 
of course, was characterized by clear sky, absence of 
wind, and the confused seas piling one atop another from 
the four quadrants. J'he unexpected feature, however, 
was the fact that the center area was clearly defined by 
the presence of innumerable birds, land and shore birds 
of all sizes which had been sucked up and carried along, 
as helpless as if confined within a room except that the 
progressing storm forced them to keep in constant flight. 

Starved, parched and exhausted, those that could 
sought refuge on the ship; rails, rigging and lifelines 


wore covered with them; the decks wore awash with 
drowned bundles of feathers. More than 30 kinds of 
birds wore counted, including an owl. Many were taken 
inside and every effort was made to save them, but only 
one, a long-legged shore bird, survived. 

The most pitiful ease wus that of a great black wild 
duuk which tried desperately to beat its way to the ship 
only a few yards off. ItB "flight ceiling" was so 
low that its poworful wings could not raise it above the 
crest of the Hens, which were about mast high. Three 
times we wntched it fly straight into an oncoming sea, 
and emerge, still "flying" from the other side; the 
fourth time it did not reappear. 

Whether pressure and other atmospheric factors ac¬ 
counted for the low flight that caused this one and so 
many others to drown, or whether it was weakness alone. 
T do not know. It was certainly the pressure system that 
placed them iu this tragic situation. This example would 
seem to bo the reverse of that cited by O. fluffern of Eng 
land, whose redwings wore carried along the outer edge 
of the pressure system, presumably on the wind. These 
were in the wind free center, but were carried out to sou 
because they could not break through the walls of wind. 
It was curious that there were no sea birds among them; 
yet the storm, although it had hugged the coast, hud not 
gone inlund ut any point. Evidently they had been 
picked up by the fringe winds and blown into the center, 
much as the seas were dragged in. Since it was entirely 
involuntary on the part of the birds, this mass displace¬ 
ment could not, of course, be considered a migration ; but 
it might be assumed that migratory birds would attempt 
to avoid such pressure systems. 

Dorothy Ford M ay hew 
Institute of Geographical Exploration, 

Harvard University 

On che High Prices of Scientific Books 

This is in the nature of a protest against the present 
high prices of scientific books. In recent years the cost 
of hooks has doubled and tripled until it is now vir¬ 
tually Impossible for many scientific workers to own 
volumes they need nnd this is to say nothing of the poor 
atudont, who has to struggle to pay for texts that are 
absolutely essential. 

In my opinion, n personal library, however siunll it 
might be, is an inestimable aid to a student in gaining 
and retaining a grasp of his subject.. The present situa¬ 
tion forces many to sell their current texts to pay for the 
ones needed in the following semester. 

The prices of many articles are falling, and we can 
only hope that books will follow suit. As a remedial 
measure, might I suggest the European procedure, 
whereby books are issued in both unbound and bound 
form. This would reduce the price of many books by 
about 25 percent I see no reason for paying $4.00 for 
a 147-page book—the price asked for a Tecemt publication. 

, John R. Lowry 

General Foods Corporation s 
Hoboken , N. J. . 
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The idonce of biology today. Troliui Lysenko. New 

York 16, N. Y.: International Pubs., 1948. Pp. 6-. 

$1.25, 

On July 31, 1048, Academician Trofim Lysenko deliv¬ 
ered liia presidential address to tho V, I. Lenin Academy 
of Agricultural Sciences in the USSR, That addrose 
forms the substance of this small book. It must indeed 
be read to be believed. 

The address began with a dissection of Darwinism in 
tho light of tho opinions of Mari and Engels. Soviet 
scieutistB are strong Darwinists. They acknowledge, to 
be sure, the existence of certain errors in Darwin's 
thought, traceable chiefly to the pernicious, “reaction¬ 
ary” influence of Maltlius. In plain language, what the 
Soviet Darwinists reject is the Theory of the Struggle 
for Existence within species and of the Survival of the 
Fittest. What remains of Darwinism after this eviscera¬ 
tion is the theory of the effects of use and disuse in mod¬ 
ifying hereditary characteristics, and the elaborate and 
completely unsupported theory of pangenesis. 

Having made Darwin equivalent to Lamarck, Lysenko 
passed on to demolish the ideology of his bctc noire , 
August Woismann. Having done this to his satisfaction, 
he posed tho question of the inheritance of acquired char¬ 
acteristics, said flatly that the Lamarckian propositions 
are “quite true and scientific,” and interpreted them as 
equivalent to maintaining that the “qualitative varia¬ 
tions of the nature of plant and animal organisms depend 
on the conditions of life which act upon the living body, 
upon the organism, 41 Having completed this tour de 
force, it follows that “the Mendel-Morgan teaching, 
which is metaphysical and idealist in its essence, denies 
the existence of such dependence, though it can cite no 
evidence to prove its point.” The essence of “ideal¬ 
istic” error is to divide “the living body into two sepa¬ 
rate substances: the mortal body (or soma) and an im¬ 
mortal hereditary substance, germ-plasm.” 

In subsequent passages the evolutionary views of the 
great Russian morphologist Schmalhausen were attacked 
and the studies of population genetics conducted by Du¬ 
binin and his associates were ridiculed as sterile and 
impractical. This paved the way for the apotheosis of 
Michurin, Lysenko's own guide and mentor, and intro¬ 
duced the subject of vegetative hybrids. Michurin has 
claimed that: “Any character may be transmitted from 
one strain to another by means of grafting aB well as 
by the sexual method.” One “shakes” the nature of a 
vegetable organism by various means, renders it plastic 
in heredity, and then by grafting induces a transfer of 
characteristics. 

1 Complete Index to all book reviews Is given on pages 
429 - 430 . 


Having deplored the teachiug of Mundeliuii-Morganian 
genetics in Soviet universities and institutes, Lysenko 
Stated that “under the influence of Michurian criticism 
of Morganism young scientists with on' insight into ques¬ 
tions of philosophy have in recent years come to realize 
that tho Morganist views are utterly alien to the world 
outlook of Soviet people.'' At least, they knew on which 
side their broad was buttered! 

The one piece of evidence for his views actually men¬ 
tioned by Lysenko in this address was the conversion of 
hard spring wheat (durum) into Boft winter wheat (vul- 
gare), at a Biuglo step, after tw'o to four yeans of autumn 
planting. It is difficult to see what this genome mutation 
from a 28-chromosome wheat to a 42-chromosome wheat 
has to do with the argument for tho inheritance of ac¬ 
quired characteristics. “Classical” geneticists are se¬ 
lecting adaptive mutants l>y means of environmental con¬ 
ditions in hundreds of laboratories. The real question, 
which is whether such mutants fail to appear or appoar 
with a lower frequency in the absence of the said condi¬ 
tions, is a question which LyBenko avoided altogether. 

At thin point the speaker ended. A discussion ensued, 
and LyBonko arose to answer a specific question regarding 
the attitude of the Central Committee of tho Communist 
Party toward his report. The answer: tho Committee 
had examined his report and had approved it. In other 
words, Lysenko's doctrines were completely victorious. 
The debacle of scientific reason which followed was com¬ 
plete—expurgation of reactionary genetics from all text¬ 
books, reorientation of university staffs, purging of noted 
geneticists and evolutionists, hurried recantations by 
middle-of-the-roaders before it was too late. 

In his concluding remarks Lysenko outdid himself. 
”... Heredity is inherent not only in the chromosomes, 
but in any particle of tho living body , . . for heredity 
is determined by the specific type of metabolism. You 
need but change the type of metabolism in a living body 
to bring about a change in heredity.” Lysenko brought 
forward as evidence a tomato plant. It was a vegetative 
hybrid between a strain with entire leaves and red fruit, 
used as the stock, and another with pinnate leaves and 
yellow fruit, used as the scion. Most of the plants 
from the seeds produced by this graft hybrid were like 
the stock or scion on which they were borne. But six 
plants from seeds borne 1 on the stock had pinnate leaves 
and yellow fruit. And this was_ reported to have hap¬ 
pened again in some seeds produced by normal entire- 
leaved, red-fruited F L plants derived from the stock. 
This interesting report ignores all the previous work done 
on graft hybrids, begun by Winkler in 1007, and the dis¬ 
covery of chimeras so produced, in 1910. The one new 
claim, which should certainly be checked by workers else¬ 
where, is that a chJmeral condition ckn be transmitted 
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through the seed for several generations. But, of course, 
Lysenko himself does not believe in chimeras. 

The final blasts on this notable occasion were directed 
at the dependence of Mendolism-Morganism on chance. 
It is imperative to quote these statements, which illumi¬ 
nate the entire Soviet attitude toward science: 

“All tlie so-called laws of Mendelism-Morganism are 
hosed entirely on the idea of chance . “ 

“ 'Gene' mutations . . . appear fortuitously , . . the 
direction of the process of mutation is also fortuitous. 
Proceeding from these invented fortuities, the Morgan- 
ists base their experiments, too, tin a fortuitous choice of 
substances that might act as mutation factors, believing 
that they are thereby acting on their postulated heredi¬ 
tary substance, which is just a figment of their imagina¬ 
tion, and hoping thereby to obtain fortuitously what may 
by chance prove to be of use. According to Morganism, 
the separation of the so-called maternal and paternal 
chromosomes at reduction divisions is also a matter of 
pure chance. Fertilization . . . does not occur selec¬ 
tively, but by the chnnco meeting of germ cells. . . . 

ft On the whole, living nature appears to the Morgan- 
tsts as a medley of fortuitous t isolated phenomena , with¬ 
out any necessary connections and subject to no laws. 
Chance remains supreme. 7 ' 

“Unable to reveal the laws of living nature, the Mor- 
ganists . . . reduce biological science to mere statistics. 

. . . Mendelism-Morganism is built entirely on chance; 
this * science 1 therefore denies the existence of necessary 
relationships in living nature and condemns practical 
workers to fruitless waiting. There is no effectiveness in 
such science. With such a science it is impossible to 
plan, to work toward a definite goal; it rules out sci¬ 
entific foresight. . . . Physics and chemistry have been 
rid of fortuities. That is why they have become exact 
sciences. . . . By ridding our science of Mendelism-Mor- 
garUsm-Weismannism trs will expel fortuities from bio¬ 
logical science . We must firmly remember that science 
is the enemy of chance .“ 

“Long live the party of Lenin and Stalin, which dis¬ 
covered Micliurin for the world and created all the con¬ 
ditions for the progress of advanced materialist biology 
in our country . 19 (Italics in original.) 

Bentley Glass 

Johns Hopkins University 

Tbs Royal Society Empire Scientific Conference, June-July 
1946 . (2 vols.) Edinburgh, Scotland: Morrison and 

Gibb Ltd., 1048. Vol. I: 828 pp.; Vol. II: 707 pp. 
(Illustrated.) 2 : 2: 0 net. 

The Empire Scientific Conference had its beginnings 
in discussions by representatives of the British Ministry 
of Supply and the British Commonwealth Scientific Office 
in Washington with representatives of the Royal Society. 
Following a conference called by officers of the Royal 
Society and attended by representatives of Canada, Aus¬ 
tralia, New Zealand, South Africa, and India, a British 
Commonwealth Science Committee was set up under the 


chairmanship of Sir Henry Dale and with Dr, Alexander 
King an Secretary. The report of this Committee, pub¬ 
lished in April 1943, proposed an Empire Scientific Con¬ 
ference to be convened as soon as possible after the war. 
Tn January 1045, expenses for the Conference were al¬ 
located by the Treasury in the amount of £15,000. A 
Policy Committee for the Conference began work early in 
1945 under the chairmanship of Sir Alfred Egerton. The 
Conference itself took place June-July 1046, in London, 
Cambridge, and Oxford. There were 114 delegates rep¬ 
resenting different countries within the British Common¬ 
wealth. The larger delegations included: Australia—9, 
Canada—15, India—14, South Africa—7, and United 
Kingdom—38. The Steering Committee, composed of 12 
leading scientists, included Sir Robert Robinson, presi¬ 
dent of the Royal Society, and the four other chief of¬ 
ficers of the Society, and was under the chairmanship 
of Sir Henry Tizard. The Conference was organized 
mainly around ]5 major scientific topics for each of 
which a steering group was appointed with a chairman, 
a recorder, and from six to ten othor representative sci¬ 
entists as committeemen. The first throe days were de¬ 
voted to a stock-taking review of scientific organization: 
1) in the United Kingdom; 2) in Canada, New Zealand, 
and the Colonial Empire; and 3) in Australia, South 
Africa, and India. Volume I, pages 43-298, presents the 
prepared papers, discussions, charts, and tabular matter 
relative to the organization of scientific research and 
much concerning current (1046) research. 

In reviewing such a large report it is possible only to 
give an outline. Six of the fifteen main topics of the 
Conference are reported in about 500 pages of Volume I, 
These topics in order are: A—Outstanding Problems in 
Agricultural Science in the Empire; B1—Medical Sci¬ 
ence: Physiological and Psychological Factors Affecting 
Human Life and Work under Tropical Conditions and in 
Industry; B2—Etiology and Control of Infectious and 
Transmissible Diseases, particularly those which are in¬ 
sect-borne; C—Science of Nutrition, including Nutri¬ 
tional Status of the Indigenous Peoples of the Colonies; 
D—Aerial Mapping, including the Use of Radio Tech¬ 
nique in Ordnance Survey; and E —Measures for Improv¬ 
ing Scientific Information Services, including Indexing, 
Abstracting, Special Libraries, and Microfilms. Each of 
these sections begins with a listing of the personnel of 
tho steering group, followed by a brief digest of the 
report on tho subject, a general statement, and finally, 
the Conference recommendations in reference to research 
and further development. 

Nine topics, to which as many full morning sessions 
were devoted, are reported in Volume II. Briefly listed, 
these topics were the following: F—Interchange of Sci¬ 
entists, including Discussion on the Future of the Scien¬ 
tific Liaison Offices That Have Been Established during 
the War.; G —Empire Cooperation in Science with Exist¬ 
ing and Projected International Organizations; H—Phys¬ 
ical Standards and the Use of Units, Terms and Symbols; 
I —Collection and Interchange of Scientific Records and 
Experimental Materials, including Discussion of Risks 
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Involved in thp Distribution of Plants, Seeds and Ani¬ 
mals; J—-Land Utilization and Conservation throughout 
the Empire; K—The Need for a Coordinated Survey of 
the Mineral Resources of the Empire; L—Natural Re¬ 
sources of the Empire and the Chemical Industries That 
Are or Might Be Based on Them; M—Post-War Needs 
of Fundamental Research; and N—Coordination of Sci¬ 
entific Work within the African Continent. 

The Conference in some evening discussions gave con¬ 
sideration and arrived at recommendations in reference to 
five large topics: Cosmic Rays, Fish Culture, Geochem¬ 
istry, Hormones, and Fisheries (see Volume II, pages 
529-662) ; the full calendar of the Conference is given 
on pageB 663-677, At the end of each volume there is a 
complete index for both volumes, comprising about 30 
pages. The index gives names of speakers and discus¬ 
sants (not presiding officers and organizing and com¬ 
mittee personnel) and of scientific topics of discussion 
and related entries. A long list of traveling fellowships 
and scholarships open to students and research workers 
is provided in Volume II, pages 37-82. 

The topic of broadest interest was il morning subject 
(m), 77 The Needs of Research in Fundamental Science 
After the War. The material on this subject for discus¬ 
sion by the delegates consisted of a previously completed 
report of the Royal Society on Post-War Needs of Fun¬ 
damental Research, produced by eight committees repre¬ 
senting, respectively, Physics, Chemistry, Biology and Bi¬ 
ochemistry, Geophysics, Geology, Geography, Meteorology, 
and Oceanography. The most general recommendations 
developed were: I) The mechanism for guiding long term 
research in fundamental science in ench country of the 
Commonwealth should be cnrefully reviewed in order to 
foster fertile research work in all important subjects. 
IT) Rince needs of the future will require a great increase 
in the number of scientists, plans for extending basic, 
research in any field should be supported by measures 
designed, coordinated, and put into operation in the edu¬ 
cational system of each country for increasing tho number 
of trained scientists able to carry out such research plans. 

This two-volume report is an important and many-sided 
scientific document. From it one gains an over-all view 
of the pattern of modern scientific research and develop¬ 
ment as forming a huge triangle with **university sci¬ 
ence, 71 if industrial science, 7 1 and 11 government science 7 7 
at its three corners. Science research planners, adminis¬ 
trators, financial backers, laboratory workers, educators, 
and technical and popular science writers will all find 
the materials in these two volumes worthy of examination 
and discussion. The report is epochal in the field of as¬ 
sessment, survey, and planning for the advance of science 
and its applications. It is a model for the preliminary 
organisation and conduct of such conferences, and the 
Royal Society has again, it seems to the reviewer, demon¬ 
strated foresight and outstanding leadership in creating 
and guiding the Empire Scientific Conference and in 
making its report available to the public. 

Walter R. Miles 


Liberty Hyde Baileyi a »tory of American plant tcience». 

Andrew Denny Rodgers, III. Prineeton, N. J.: Prince¬ 
ton Univ, Press, 1949. Pp. 506. (Illustrated.) $7.50. 

As these words are written Liberty Hyde Bailey is 
entering the 92nd year of his life, and is still collecting 
plants, both living and herbarium specimens, still pub¬ 
lishing, still reaching out with his mind, at an age when 
other inen, if they are able to think at all, have mentally 
(( retired/ 7 with opinions formed and portals closed to 
the acquisition of any further and considerable body of 
knowledge. Not so Hub dean of American botanista, 
who once said that he had planned to take 25 years to 
study the science of botany, 25 to practice it, and 25 to 
enjoy it. Actually, he has, in each quarter-century since 
his majority, done all three things at once and is still 
learning, practising, and enjoying a science which no one 
in his day ever did more to encourage, broaden, and make 
vivid. 

Many men have gone deeper in their branches of bot¬ 
any; no man in America was ever a better all-around 
botanist. Bailey is most famous, of course, as an editor, 
geneticist, and teacher, and as the first American to treat 
horticulture as a serious science, with the brondeat social 
implications. But beyond all this he is a philosopher— 
having reached the highest thing any scientist can be— 
who brings together the varied interests of his own 
and his contemporaries 7 minds, and from them evolves 
not a schematic theory of the world as it ought to be, 
but an attitude toward tho world as it is. A man who 
cun accomplish this, and live, too, a happy and noble 
personal life like Liberty Hyde Bailey's has indeed ful¬ 
filled the high destiny that (we like to think) is the 
function of a man of science. 

All this, and more, much more besides, has been told 
in Liberty Hyde Bailey , by Andrew Denny Rodgers, in 
the fifth title of his scholarly series of biographies that 
constitute a history of American botany from the days 
of ToiTey and Mr. RodgerB 7 ancestor, Sullivant, and the 
era of systematica and exploration a century a’go, down 
to the present with all its diversities and complexities. 
Those of us who, like the present reviewer, have read 
every word so far are grateful to Mr. Rodgers for the 
precision and breadth of treatment, and the understand¬ 
ing appraisal of the botanists who form the subject of 
his unusual sort of historical writing. At the same time 
it must be said that, as writing and as history this is, 
rather, reference work—the materials for a history. As 
biography it is a compilation—meticulous, thorough, and 
lucid—but not living portraiture. Nothing is omitted, 
nothing is highlighted; a reasonable monotone is the re¬ 
sult. By comparison, passages from writings of Liberty 
Hyde Bailey, as quoted in this book, are so full of nat¬ 
ural poetry and vitality of thought and phrase as to make 
one wish that Professor Bailey would write his own biog¬ 
raphy, even at the cost of further researches upon palms. 

Yet we shall all look forward to further titles from Mr. 
Rodgers' pen. We hope that he will not only continue 
with his painstaking researches in the present era, but 
will carry the history of American botany back to the 
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days of Linnaeus's American correspondents—Col den, 
Bartram, and Garden—and that he will take for his 
models in biographical writing such authors as Boswell, 
Macaulay, Fiske, and Parkman, whose scholarship never 
suffered from their artistry. 

DoNAIjI) ClJLROBB PEATTIE 

Santa Barbara, California 



Scientific foundations of vacuum technique . Saul Dusli- 

iiinn. New York: John Wiley; London: Chapman & 

Hull, Pp- xi + 882. (Illustrated.) $15,00. 

This book is a monument to an era just concluded and 
ii uiHTkor and a storage depot for the future. The era 
Iwgun with the invention of the condensation pump, nnd 
it ended spectacularly when vacuum went to war—high 
vacuum for radar and the fissioned atom, grand vacuum 
for magnesium and penicillin. During the intervening 30 
years the gas filled X-ray tube gave place to the Ooolidge 
vacuum tube; the tungsten lamp and electronics came to 
maturity, and the molecular still was born. A regiment 
of subsidiary apparatus and measuring instruments 
sprang up and vacuum plumbing gmduated from an un¬ 
welcome necessity to a hobby, then to an art, and recently 
to a science. 

In 1022 Dr. Pushmnn published u little book called 
High vacuum which at once became the guide to a new 
territory. Shortly afterwards, many larger find more 
comprehensive books were written, mostly in the same 
pattern, but none placed the matter more succinctly. It 
has been evident for 10 years, however, that much new 
material has accumulated. Tt has been equally evident 
that the one man to make the authoritative compilation is 
Dr. Bushman because, as associate director of the General 
Electric Laboratories at Schenectady, he has witnessed 
or himself created nearly all that has transpired. 

The Foundations is a reference book for scientists and 
advanced engineers; it does not deal with vacuum in the 
chemical process industries. The first four chapters— 
perhaps the best in a very good book—cover the theory 
of gases (and even the highest vacuum on earth still 
contains much gas). The next chapters on pumps 
and gauges are authoritative and comprehensive rather 
than selective, The later chapters dealing with adsorp 
tion, getters, solubility of gases in metals, and diffusion 
of gas through metals, are encyclopedic. On vapor pres¬ 
sure, the dry or electronic field is fully covered, but pump 
fluid* only meagerly. The references and indexes are 
splendid. It is difficult to assess the merits of a book 


thut Ims no rivals; suffice it to say that it stands alone. 
Practically every laboratory, regardless of its avowed 
purpose, will find a place for this book. 

Kenneth C. D. Hickman 

Rochester, New Yorlc 

Quantum mechanics, Leonard I. Sell iff. New York: Mc¬ 
Graw-Hill, 1049. Pp. iii + 404. (Illustrated.) $5.50. 

Hchiff's new textbook Quantum mechanics will be a 
very great help to anyone who studios this fundamental 
subject, which by now Is taught to every student of 
physics. There is no other field in physics which poses 
more and harder problems to the teacher. Explaining 
the fundamental concepts of quantum mechanics is the 
most difficult, of tasks, and no really clear way of doing 
it has yet. been found. However, every student must not 
only bo acquainted with these fundamental concepts, but 
also be ablo to apply them in his research work. Quan¬ 
tum mechanics also uses a great number of very com¬ 
plicated mathematical formalisms to which the student 
must he introduced. This is the easier part of the 
course, and too little emphasis is usually given to the 
exposition of the fundamentals. 

The present book is distinguished in this respect from 
most of the older, widely used textbooks. The first 
chapter contains a well-presented description of the fun¬ 
damental concepts of measurement and complementarity. 
It introduces the reader into the problematics of the 
subject but does not relieve the more serious student 
from the study of books like the ones by Dirac or 
Kramers, and the clnssicnl papers of Bohr. The Scliroe- 
diuger wave equation is introduced in the second chap¬ 
ter by using the experimental relation between frequency 
nnd wavelength. This emphasizes the connection with 
experimental facts, which is sometimes missing in more 
dogmatic representations. The following chapters am 
very much along conventional linos, but are written with 
great care nnd with emphasis on detailed and elegant 
derivations. The book differs from tho usual introduc¬ 
tions into quantum mechanics by a strong emphasis on 
collision theory. This is a great advantage in view of 
tho increasing application of quantum mechanics to nu¬ 
clear collision problems. 

One notices a change in style beginning with Chapter 
9, when the problems of many particles are treated and 
when radiation is taken into account. Less emphasis is 
placed on detailed description and the book takes on 
mom of the character of a survey than before. These 
chapters include discussion of identical particles and the 
spin of the electron, and a semi-classical treatment of 
radiation and of the spectra of atoms and molecules. 
The last three chapters form a separate unit, on the 
relativistic wave equation, and the quantization of the 
wave fields, and a short introduction into quantum elec¬ 
trodynamics; they represent, therefore, what is taught 
in most schools in a separate couree on advanced quantum 
mechanics. 

A few details oonld perhaps be criticized from the 
point of view of the reviewer, who has probably ac- 
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quired a too-narrow idea of how to teach this subject. 
One of the most important concepts for the understand’ 
lug and practical application of quantum mechanics is 
angular momentum. The treatment of this concept 
could have been more extended. There is, for example, 
no reference in the book to the fact that the angular 
momentum operators are the operators of infinitesimal 
rotations. The addition of angular momenta as applied 
to many-particle problems is mentioned, but has not 
received a very thorough discussion. This textbook, as 
well as most of the others, refer the reader to the book 
by Condon and Shortley, whose treatment, however, is 
much too exhaustive—the reviewer has found that it 
frightens away most of the students who want to study 
it. It is hoped that some textbook will provide an ele¬ 
gant iind simple treatment of this field. The spin of 
the electron does not get the attention it deserves. The 
fact that the electron wnvo function has two components 
is derived in too formal a manner. A discussion of the 
transformation properties of these components, if the 
coordinate system is rotated, is necessary for the under¬ 
standing of the spin. 

Schiff’s book has many values for teachers and stu¬ 
dents, not the least of which is its collection of first-rate 
problems. Too few textbooks on quantum mechanics 
can be used for a graduate course. There are many 
ways of teaching the subject and there is a great need 
for textbooks with different approaches. Although the 
present book in many respects follows the conventional 
lines, it does bring in new ideas and approaches and 
will contribute to a better understanding and better 
teaching of quantum mechanics. 

Victor F. Weibkkopf 
Massachusetts Institute of Technology 

Physical aspects of colour', an introduction to the scientific 
study of colour stimuli and colour sensations. P. J- 
Bouma. New York: Elsevier (U. S. distributors for 
Philips Technical Library, Eindhoven, The Nether¬ 
lands), 1948. Pp. 312. . (Illustrated.) $5.50. 

It is a pleasure to review this remarkable summary of 
the principles and techniques of modern measurement of 
color. Dr. Bouma spent the last two years of his life 
to produce what he knew would be his last work, and he 
has achieved a brilliant climax to a distinguished career 
in Illuminating engineering. 

Starting from a novel yet perfectly sound approach. 
Dr. Bouma presents the concepts and laws on which the 
measurement of brightness is based—the Maxwell color 
triangle and the standard ICI colorimetric coordinate 
system and its relation to dominant wavelength and 
purity, to color temperature, to boundary, ideal, optimal, 
and full colors, and its use in the reduction of spectro- 
photometric data. He then passes to visual colorimetry, 
defective color vision, discrimination of color differences, 
the Munsell color system, and hue and saturation of ob¬ 
ject colors in connection with chromatic adaptation of 
the eye. 

Dr. Bouma does not skip over the hard parts, but goes 
in simple language to the knot of each problem, often 


with a mathematical proof. The book is further remark¬ 
able for its completeness. All important colorimetric 
techniques are not merely described; they are appraised 
with consummate skill aud judgment. 

In spite of the direct style and excellent translation 
into English, the book is not easy reading. It has to be 
studied, not merely read. The facts and concepts of 
modem colorimetry cannot be adequately grasped by the 
layman, however intelligent he may be, in a few hours. 
Here is a clear account of these facts and concepts by a 
world master whose comprehension of the recent extensive 
American literature will probably not be matched by an 
American author for some years to come. Dr. Bouma r s 
hook meets a unique and long-felt need, and should be 
available to every serious student of color. 

Deane B. Judd 

National Bureau of Standards 


Practical spectroscopy . fieorge R. Harrison, Richard G. 

Lord, and John R. Loofbourow. New York: Prmitioe- 

Hall, 1948, Pp. xiv + 605. (Illustrated.) $6.65. 

The authors of this extremely useful and interesting 
reference book have operated in recent years the spec¬ 
troscopic laboratory of the Massachusetts Institute of 
Technology and have folt (quoting from the preface) 
M tke need of a text and reference book that would help 
the worker in any branch of science to evaluate the old 
which the techniques of spectroscopy might lend to the 
solution of his problems. In our attempt to fill this need, 
we, as a physicist, a ghemist, and a biophysicist, respec¬ 
tively, have tried to synthesize our throe viewpoints in a 
way that would be Useful to all who use, or might use, 
the techniques of experimental spectroscopy. 11 

They have produced a book that will be valuable and 
interesting to all of us who have made constant use of 
the spectrograph, and will fulfill the requirements of the 
beginner as well. For example, in the chapter on the 
photography of the spectrum (page 154) I find a sug¬ 
gested routine to follow in transferring a plate from the 
box to the plateholder in a perfectly dark room, in order 
to be spared the embarrassment of finding, on turning 
up the lights, an open box of plates awaiting disposal. 

The beginner will find in the first chapter a very brief 
history of the development of the spectroscope, its con¬ 
struction and operation, and its use in physics, chemistry, 
biology, medicine, metallurgy, food research, and crimi¬ 
nology. Chapters 2 to 5 are devoted to the selection of 
spectroscopic instruments and the use of prisms and dif¬ 
fraction gratings, together with the fullest details on 
their adjustment and methods of illumination. 

Chapter 7 covers the photography of the spectrum, 
dealing with practically everything connected with the 
selection and development of plates and with common 
defects in spectrum photographs and how to avoid them. 
Chapter 8 offers a very full description of the various 
types of light sources for spectroscopy, low temperature 
thermal emission, metallic arcs, high and low pressure 
mercury arcs, spark discharges, and vacuum tubes. 
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Ohaptor 9, on the Identification of spectrum lines, meas¬ 
urement of wavelengths, and the determination of minute 
traces of impurities with the comparator, closes with a 
decryption of Harrison's remarkable automatic compar¬ 
ator, used at the Massachusetts Institute of Technology 
since 1938. This machine is capable of measuring in two 
minutes a spectrum plate 20 inches long on which are 
recorded as many as 2,000 spectrum lines. It records 
on a motion picture film, to seven-figure precision, the 
wavelengths in Angstrom units of all of the lines, along 
with n curve of density showing their position and in¬ 
tensity. Unfortunately, the record on the strip of film 
reproduced is on such a small scale that the numerals 
can't be read. This is also the trouble on page 163 in 
the enae of the sensitivity curves of various emulsion a. 

Chapter 10 covers very fully the modern quantum 
theories of atomic spectral series energy levels, and the 
Zeeuiau and Stark effects (the former effect furnishes a 
method of classifying lines into series). The chapter 
closes with a treatment of the Pauli delusion principle 
and the periodic table. 

Chapter 11 is devoted to describing the highly eom- 
plicatcd fine structure of the spectra of molecules (their 
rotation and the vibration of their ntoms give rise to 
corresponding energy levels, superposed on tho electronic 
levels), and to explaining the part these energy levels 
play in producing various types of absorption spectra. 

In Chapters 12 to 14 wo are back again in tho labora¬ 
tory with 420 pages devoted to methods for measuring 
the intensities of spectrum lines or absorption bands by 
means of radiometers, photoelectric cells, and photo 
graphic emulsions. Some of the instruments are auto¬ 
matic, like the extremely complicated photoelectric spec¬ 
trophotometer of Hardy, and the instrument of Harrison 
and Bently previously mentioned. 

Chapters 15 and 10 deal with the qualitative and quan¬ 
titative analyses of materials. In the two following 
chapters tho trentment of infTared and “Raman" spec¬ 
troscopy is far more extensive than is usual in books on 
general spectroscopy, and Dr. Lord's contrast and com¬ 
parison of these two types of observation will be of great 
interest to everyone engaged in the study of molecular 
structure and in qualitative and quantitative chemical 
analyses. 

A minor mistake w&b made on page 474 in crediting 
E. F. Nichols with the invention of the widely used 
method of residual rays, and not mentioning Rubens, who 
originated the method and named the radiations "rest 
Btrahlen." Nichols, who was working under the direc 
tlon of Rubens, had found that a quarts plate had a very 
high coefficient of reflection in the region between 8 and 
10 microns, but it was Rubens who foresaw that multiple 
reflections from a number of plates would eliminate all 
of the very intense radiations of shorter wavelength. 
Rubens developed the method and published it under joint 
authorship with Nichols* The description of the method 
of "focal isolation" of a narrow region in the remote 
infrared (described on the next page) omits mention of 
the fery essential circular metal disk covering the center 


of the quarts lens or the fact that two such lenses are 
usually employed. 

Chapter 19 covers the spectroscopy of the vacuum ultra¬ 
violet and presents diagrams of the vacuum chambers 
housing the optical partB. The final chapter offers a 
much longer treatment of interferometric spectroscopy 
than is usual in textbooks, covering the Lummer Gehrcke 
plate, Fabry and PeTot's etalon, the MJchelson trans¬ 
mission echelon, and the reflecting one of W. E. Williams. 

The very complete references to specific points, in the 
form of footnotes, and the general references at the end 
of the chapters supply the details, often desired, but 
usually found wanting in a book like this, for lack of 
space. 

R. W. Wood 

Johns Hopkins University 

Handbook of radioactivity and tractr methodology. Wil¬ 
liam Siri. (With contributions by Ellsworth C. Dough¬ 
erty, et al.) (Air Force Technical Report No. 5669,) 
Washington, D. C.: Office of Technical Services, De¬ 
partment of Commerce, 1948. Pp. 867. (Illustrated.) 
$ 20 . 00 . 

This handbook should be an invaluable aid to the many 
scientific specialists who wish to apply the use of radio¬ 
active or stable isotopes to the investigation of their spe¬ 
cial interest. I should say that it would be particularly 
useful to the biologist or chemist who needs these tech¬ 
niques but who has been handicapped by a lack of infor¬ 
mation about the physical methods which must neces¬ 
sarily be used for measurement of the appropriate rare 
isotope. Such an individual will find the necessary back¬ 
ground information on nuclear physics in the first section 
of this handbook. This section also contains a wealth of 
range and cross section data which will be of particular 
interest to the physicist or biophysicist. The Becond sec¬ 
tion of the handbook is devoted to a discussion of the 
various instruments used for measurement of isotopes. 
Tho information in the chapter on calibration and use of 
G M counters, as well as the detailed discussion on pre¬ 
paring biological samples for counting, is indispensable to 
the novice and probably could be read with profit by 
many of the more experienced workers in the field. The 
chapter on autoradiography is somewhat general and, in 
view of the rapidly expanding interest In this technique, 
the next edition of the handbook should perhaps treat it 
in greater detail. 

A third section deals with the biological and medical 
applications of isotopes. The useful isotopes are dis¬ 
cussed as regards their use in both tracer experiments 
and therapeutic applications. A chapter on the biological 
effects of natural radioactive elements closes this section. 

The fourth section consists of an extensive bibliography 
including some general references and a complete list ar¬ 
ranged according to the elements investigated. 

In general it may be said that this handbook contains 
information available In no other single source. While 
particular stress has been laid on its usefulness to the 
biologist or chemist, it should be an Invaluable reference 
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for the graduate student In physics or biophysics as well. 

The one respect in which this book ffiila to qualify as a 
bible for tho beginner in radioisotopic research is its lack 
of a health phyaics section. ThU may be a calculated 
omission, based on the belief that the biologist or chemist 
must associate himself with n specialist in health physics 
if he wishes to avoid serious health hazards, However 
proper this attitude may bo, and regardless of who makes 
the radiation measurements, it is tho duty of any respon¬ 
sible investigator to inform himself about the radioactive 
hazards he and his subordinates might incur in carrying 
out their work. The widely spread use of radioactive 
isotopes may result in injurious radiation exposure if 
sufficient background information on health physics is 
not generally available. If this handbook becomes as 
widely distributed ns its excellence deserves, it might well 
serve to supply this basic health physics information. 

John B, Hijrhh 

Atomic Energy Project, 

University of Bochester 

Some aspects of the luminescence of solidt. F. A. Kroger. 

New York-Amsterdam-London: Elsevier Publ., 1948. 

Pp. xi + 310. (Illustrated.) $5.50. 

Although the war ended almost four years ago, condi¬ 
tions insuring an easy access and exchange of available 
scientific information have not yet returned. A great 
amount of valuable research has been done in some Euro¬ 
pean countries during and after the war. However, be¬ 
cause of the limited availability and circulation of Euro¬ 
pean journals, the results of these researches are not 
widely known in this country. It is fortunate indeed 
that Dr. Kroger, who has contributed so much to the 
knowledge of the luminescence of solids, undertook the 
task of presenting in this monograph the results of his 
experimental researches and combining them with a criti¬ 
cal review of the existing theories nf the luminescence 
processes in solids. Dr. Kroger’s association with one 
of the leading industrial laboratories,—the Philips Lab¬ 
oratories in Eindhoven, Holland—haH enabled him to use 
freely all the rich resources of information amassed there 
in the course of many years of research. 

The first chapter discusses schemes of energy levels for 
pure solids and for solids with lattices disturbed by tho 
presence of impurities. A more detailed description is 
given of the atomic orbit approximation for the case of 
ionic lattices. Other topics are the processes of light 
absorption and emission, and the nature, of metastable 
states of the activation, sensitization, and energy trans¬ 
fers through the lattice. Finally, a classification of all 
known luminescences of activated phosphors is attempted 
In the form of tables accompanied by very exhaustive 
references to original papers. The next four chapters 
consist of results of experimental work on particular sys¬ 
tems—tungstates, molybdates, and luminophors activated 
by manganese, uranium, and titanium. The skillful iden¬ 
tification of the tetraralent manganese ion a a activator 
for the emission of a red band (Chapter II), and the 
correlation between the positions of the absorption edge 
and the maximum of the emission for tungstHtes and 


molybdates (Chapter III) ore especially interesting. The 
sixth and final chapter compares the experimental results 
on the infiuence of temperature on efficiency of lumines¬ 
cence with the explanations of the quenching processes 
proposed by Mott and Seitz, Mdgllch and Rompe, and 
Klasens and Bchbn. It is shown that in some eaBes the 
excitation energy is directly transformed into vibrational 
energy (Mott-Seitz), in others the energy is dissipated 
via intermediate states (Klasens-Scluin). A useful table 
of classification for all known types of temperature 
quenching is included. An appendix provides a few data 
on experimental techniques. 

In general, the monograph is both interesting and in¬ 
formative. Great care has been exercised in both theo¬ 
retical chapters to present a clear picture of the processes 
in solid luminophors and to establish a well defined termi- 
nology for those processes. One section seems n little 
too condensed and could benefit by some additional ex¬ 
planations. Thin section deals with the energy level 
scheme. The use of expressions like "energy cost" 
(energy requirement) and "cheap transition" (low fre¬ 
quency transition), which are probably the result of a 
too-literal translation from Dutch into English, is un¬ 
fortunate. In other respects the book is very readable 
and the reviewer feels that it fills an important gap in 
the literature on luminescence of solids. The successful 
effort made hv Dr. Kroger to orgnnize a considerable 
number of previously uncoordinated facts and correlate 
them with corresponding theoretical considerations is 
especially welcome in a field of physics where the rich¬ 
ness of experimental data seems to be in contrast to the 
meagerness of our understanding of fundamental proc¬ 
esses. 

fi. Mrozowski 

Photoswitch Incorporated , 

Camb ridge , Massaohusetts 

Vision and the eye. M. H. Pirenuo. Loudon, W.C.l, 

Engl.: Pilot Press, 1948, Pp, xx + 187. (Illustrated.) 

12 / 0 . 

As noted in the foreword by W. S. Stiles of the Na¬ 
tional Physical Laboratory of England, this little book 
offers a treatment of selected topics in vision rather 
than an attempt to cover the entire field in Its many 
ramifications. The subjects selected for treatment are 
apparently those in which the author has done research 
and made scientific contributions; this makes the book 
particularly authoritative and forceful. 

The first five chapters discuss in detail the several 
phenomena involved in imago formation by tho eye, from 
the physical and physiological points of view. A lengthy 
treatment follows of questions relating to tho way in 
which the particle or quantum nature of light enters as a 
factor In determining visual response, and the experi¬ 
ments of Hoeht, Shlaer, and Pirenne are quoted and 
discussed in detail. The final third of the book la de¬ 
voted to the subject of color vision, except for a single 
chapter which relates to binocular vision. 

It is hard to see exactly what audience the author hod 
in mind for this book, since some portions seem elemen- 
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tary whereas others are quite sophisticated. Surely it 
would not nerve as a textbook, but rather as a reference 
book for those who are looking for a comprehensive trent- 
ment of certain important phenomena of vision, from tho 
physical rather than the psychological point of view. 
The book appears to be in the tradition of that distin¬ 
guished American biophysicist, the late Solig Hccht, n 
fact which will be appreciated by the many admirers 
of Hecht's work in vision. 

Stanley S. Haulajmj 

Tufts College 



Microwave magnetron j. Geargu H. Collins. (Ed-) 

(Massachusetts Institute of Technology Radiation Lab¬ 
oratory Scries.) New York-London: McGraw-Hill, 
1948. Pp. xviii + 806. (Illustrated.) $9.00. 

As a result of the groat program of work in radar 
that was sot, off by British success in exploiting the mag¬ 
netron, a previously more or less familiar laboratory mi¬ 
crowave generator, it is natural that u tremendous amount 
of information concerning it was accumulated during the 
war, both here and abroad, and in both university and in¬ 
dustrial laboratories. This important volume of the 
MJ.T, Radiation Laboratory Series summarizes that 
knowledge in a very thorough manner. It will of course 
be of mONt interest nnd value to those who have had 
some experience with the device or are contemplating its 
use. With its great wealth and detail of materinl, this 
book will undoubtedly be the standard reference work 
for years to come. 

For those who have little familiarity with the magne¬ 
tron and want to know more, an introductory chapter 
summarizes some of the elementary facts about its opera¬ 
tion. Following this introduction, the work is divided 
into sections: resonant systems, analysis of operation, 
design, tuning and stabilization, and practice. The last 
section includes not only details on the fabrication of 
magnetrons but also measurements of their properties and 
descriptions of soi^e of the various types. Of necessity, 
the first two sections include much analysis which has a 
formidable look; these sections, important as they are, 
will consequently appeal to a smaller group of readers 
than the other more descriptive sections. 

For all the variety of detail to be found in the book, 
there are nonetheless some omissions and some points too 
briefly discussed. For example, there is no discussion of 
two types of magnetron resonators that, although they 
are not used, practically every worker in the field invents 
at one time or another. There are other minor omissions 
—the problem of harmonic generation, the mechanical 


changes that may be produced in the resonator system 
by extreme operation, and the effects of cathode eccen¬ 
tricity. The cathode and magnetron life might have been 
more thoroughly discussed. Other widely used magne¬ 
trons, particularly those developed in England, with 
which the Radiation Laboratory was not so closely con¬ 
nected, might well have been included as typical magne¬ 
trons. A brief discussion of magnetron development in 
enemy countries during the war would have been illumi¬ 
nating and not necessarily irrelevant. 

It is to be expected that such a work, done by many 
writers in short periods of time and in widely separated 
locations, should include errors. Those few that came to 
notice are errors in detail—references to material or sec¬ 
tions not included or pictures mislabeled. This is all 
small criticism. Microwave magnetrons represents a very 

large task excellently done. _ _ _ 

B Paul L. Habtman 

CnrnrH University 

Cotmic rays. L. Jiinossy. Oxford, Engl.: Clarendon 

Press; New York: Oxford Univ. PreHS, 1948. Pp, xiii 

f 424. $10.00. 

The investigation of cosmic rays since their discovery 
by Victor F. Hess in his balloon asconsions in 1911-1913 
has become one of tho most important branches of re¬ 
search in modern physics. Since 1926 tho hypothesis of 
IIoss oh to their extraterrestrial origin has been accepted 
and provon to be correct. Numerous investigators, of 
all nationalities, all over the globo, are engaged in these 
researches, but aside from some brief monographs and 
symposia reports, this book by Janossy is the first com¬ 
pendium on cosmic mys. The author, senior professor in 
the School of Cosmic Physics nt the Dublin Institute for 
Advanced Studios, has himself contributed many original 
investigations in the field during the lust 15 years. 

The book opens'with an historical introduction sketch¬ 
ing the trend of discoveries and the successive prob¬ 
lematical changes. It discusses the penetrating power 
of cosmic rays, the question as to the nature of cosmic 
rays, the cosmic ray particles (positron and meson both 
discovered in the cosmic radiation by Anderson), the 
geomagnetic effects, and the question of the origin of 
cosmic rays, particularly the meson. The introduction 
thus serves as a summary and the various chapter head¬ 
ings follow this outline. Binco cosmic rays are high 
energy particles the experimental technique for their 
detection and the theory of high energy interactions are 
discussed in some detail. Each of tho experimental tech¬ 
niques—ionization chambers, counters, cloud chambers 
and the photographic plate method—is briefly described. 
(The photographic plate method, unfortunately, is dis¬ 
cussed all too briefly; an appendix mentions seme of 
the beautiful and important new experiments of Powell 
nnd Mb school at Bristol.) 

A chapter on the theory of fast collisions serves as an 
over-all introduction and foundation for the theoretical 
discussion which follows in later chapters. This discus¬ 
sion is based on classical and semidasslcal theories and 
the quantum mechanical treatment is omitted. Each 
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chapter opens with a presentation of the experimental 
evidence, illustrated by tables and graphs; this is fol 
lowed by detailed theoretical discussion, a comparison be¬ 
tween theory and experiment, and an interpretation of 
the experimental results. An appendix on the statisti¬ 
cal treatment of obserrations and auxiliary tables for 
the cascade theory computations will be useful to the 
research worker and Btudent. The great compass of 
literature covered will make this compendium an in¬ 
valuable help to anyone working in cosmic ray physics. 
It should be pointed out, however, that the student will 
have to make ubo of the original literature quoted, since 
bo much is digested in the treatise that it is impossible 
to give detailed derivations for every formula. 

It should be mentioned that, although the author ad¬ 
dressed thin book primarily to the specialist, he has fol 
lowed it up with a small text fox the general reader— 
The frontiers of science series: cosmic rays and nuclear 
physics —which will be useful to students as an introduc 
tion to the Larger volume. 

K. Lark-Hobo vitt: 

Purdue University 

Vacuum tubt amplifier*. (Massachusetts Institute of 

Technology Radiation Laboratory Series.) George E. 

Valley, Jr., and Henry Wallman. New York-London: 

McGraw-Hill, 1948. Pp. xvii+ 743. (Illustrated.) 

$ 10 . 00 . 

This book, the 18th volume in the Radiation Laboratory 
series, discusses amplifier types that are used in radar 
systems, but are more generally applicable to the whole 
field of instrumentation, control, and special communica¬ 
tion devices. It is recommended to engineers in these 
fields as a valuable reference and to others as a good 
introduction to the subject. 

The introductory chapter treats the analysis of linear 
circuits by operational methods. Subsequent discussions 
cover video amplifiers; wide band, high frequency ampli¬ 
fiers ; low frequency, band^ pass amplifiers; and direct- 
coupled amplifiers. In each case a theoretical analysis 
of pertinent circuitry is supplemented by & detailed ex¬ 
position of design principles. Particular attention is 
directed to those factors affecting gain, band width, dy¬ 
namic range, and fidelity of response. Much practical 
design advice is included. However, in some cases prac¬ 
tical difficulties may not be sufficiently stressed. In¬ 
veterate optimists are warned against the suggestion (p. 
193) that a stagger-tuned IF strip might be realised 
with only inductance tables, a soldering iron, and a pair 
of pliers. Final chapters cover the theory of amplifier 
noise, minimal noise design, and the measurement of 
amplifier noise. 

The technical level of the discussion is uniformly high. 
The material presented is up to date and definitive of 
current design practice. Some of it has heretofore been 
available only in periodicals or in reports having limited 
circulation. 

Excellent editing is apparent. The 14 chapters, sepa¬ 
rately written by 10 contributing authors, maintain very 


satisfactory continuity. Illustrations are plentiful and 
references adequate. The index appears too brief, but 
a detailed table of contents facilitates location of ma¬ 
terial. 

J. G. Reid, Jr. 

National Bureau of Standards 

The fact of the moon. Ralph B. Baldwin. Chicago: 

Uiiiv, Chicago Press, 1949. Pp. xiv + 239. (Illus¬ 
trated.) $5.00. 

Ovpr a period of several years, Dr. Baldwin has been 
studying the moon’s surface particularly from photo¬ 
graphs made at the great observatories, and his ooifblu- 
sions have been set forth and justified in his new book. 
His contention is that meteorite impact Is solely re¬ 
sponsible .for all lunar features except the obvious blow¬ 
holes that are lined up in curving rows in many regions 
of the moon. Lunar lava has altered many of the fea¬ 
tures thus produced by impact, but even the great Mare 
Imhrium, 14 tolerably circular/’ and 700 miles in dinm- 
eter, is included as an impact explosion crater. 

His too-rapid dismissal of slow igneous processes, in 
which he largely falls into the usual error of comparing 
lunar formations with present-day terrestrial volcanoes, 
will hardly serve to convince those who continue to 
wonder how craters 50 or even 100 miles in diameter can 
he only two or three miles deep, if formed by ineteoritic 
bombardment. He discusses this problem in a chapter 
on '’correlations/' but somehow it doesn’t quite con¬ 
vince. The violence of an impact explosion would have 
been so groat that large craters, whoso walls would be 
below the horizon for an observer at the center, could 
hardly have been formed. On a plane surface, perhaps 
it would be possible, but the moon’s surface is ton 
sharply curved. 

But Dr. Baldwin’s book is the only modern compre¬ 
hensive championing of the impact hypothesis, which was 
advanced casually and intuitively in the past. No one 
has more intimately studied the lunar surface, with a 
view toward demonstrating the truth of the impact hy¬ 
pothesis, nor, for that matter has anyone ho completely 
discussed the terrestrial meteorite craters. In two chap¬ 
ters totaling 50 pages, Dr. Baldwin has given a very 
valuable description and discussion of the known and 
suspected impact craters on our own planet. It is 
somewhat amazing, however, to find him quoting, with a 
straight face, the weird 1 * contraterrene ” hallucination 
of La Faz, in connection with the great 1908 Siberian 
meteorite fall. 

Other important sections of the book are his dis¬ 
cussions of the lunar atmosphere and hypothetical lunar 
history during the period outlined by the theory of tidal 
evolution. This latter section is a very well thought out 
attempt to account for the obviously different ages of 
the lunar features. 

It is a good and valuable book, and it does not matter 
that it will not convert many who now believe in an 
igneous origin of the lunar craters. Any discussion of 
the inoon's features by someone as thorough as Dr. 
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Baldwin is a welcome contribution to the somewhat neg¬ 
lected astronomy of the solar system. 

Roy K. Marshall 

University of North Carolina 



Islamd life: a study of the laud vertebrate* of the islands of 
eastern Lake Michigan. (Craabrook Institute of Sci¬ 
ence, Bull. No. 27.) Robert T. Hatt ft at. Blnmnflelrl 
Hills, Mich.: Crnnbrook Institute, 1948. Pp. si+ 179. 
(Illustrated.) $4.00. 

Insular plant and animal populations have always hold 
a peculiar fascination for the student of natural history^ 
partly because they provide opportunity to observe, 
record, and deduce without the harassment, of the almost 
innumerable impinging factors that must be reckoned 
with in a comparable mainland study. Here there is land, 
there, water; the boundary line is sharply drawn, con¬ 
fining the terrestrial fauna, for the most part, within the 
area it circumscribes. 

Istand life is a progress report presenting the results 
of seven years' study of such an insular fnunn. The 
study, jointly sponsored by the Oranbrook Institute of 
Science and the University of Michigan, covers 17 islands 
lying off the Lower Peninsula of Michigan. Mammals, 
birds, reptiles, and amphibians are considered, both as to 
distribution and as to habits that have effected the pres 
ence or absence of certain forms. 

The study is well conceived, particularly in that it 
includes research into the geological and cultural history 
of the islands. The geological history, specifically the 
postglacial history, indicates that, following the recession 
of the glacial sheet, the water level dropped to around 
200 feet below its present level. This provided land 
bridges between the islands and the mainland, but there 
seems little evidence from the faunnl lists that these land 
bridges contributed materially to the distribution of the 
various vertebrates considered. In part, this may be dun 
to the fact that the lake level subsequently rose around 
300 feet, covering all the smaller islands, and the bulk 
of the larger ones. In any case, the authors hesitate to 
ascribe the present distribution of any form primarily 
to land bridge invasion. 

The cultural history is interesting to the extent that 
man has superimposed certain introduced species (gray 
and fox squirrels, raccoon, and deer) extirpated others 
(ellt, cougar, wolf, bear) and provided temporary haven 
for certain of man's common commensals (house mice, 
wharf rats, and English sparrows). The greatest single 
human influence seems to have resulted from the cutting 


of the original forest, opening the islands to many edge- 
dwellers that would not otherwise bo there at all. 

Just how the majority of terrestrial vertebrates reached 
the islands is open to speculation. Some undoubtedly 
came of their own volition—over the ice, through the 
water, or through the air. Some may have come via the 
land bridges. It is probable that some came in by drift, 
and evident that others wore brought in by man. 

The authors have been thorough in their consideration 
of the material at their disposal. However, one cannot 
help but feel that the summation may have been some 
what premature. Nearly every page poses questions that 
must go unanswered pending further investigation. It 
might be wished that one of the participating institutions 
would set up a permanent biulogicnl station on some one 
of the islands, and embark upon a 10- or 20-year pro¬ 
gram of study. Only thus could such phenomena ns the 
relative paucity of species on the islands, as compared 
to the mainland, be explained. Even the largest island, 
Beaver, 58.4 square miles in area, and with nearly the 
same number of plant communities as the mainland, Bus- 
tains less than one third the number of animal species. 

Asa progress report, Island life in excellent. It is well 
illustrated, the faunal lists are well annotated, and the 
analyses of the results to date are intriguing. As n 
stimulant to speculation and to further research, it is out¬ 
standing. The serious ecologist and vertebrate zoologist 
might ask for a more detailed record of specimens, locali¬ 
ties of collection, and habitats, perhaps with maps. Such 
an expansion of the work would have mllde it mure valu¬ 
able to future field workers. 

Donald M. Hatfield 

Berkeley , California 


Studies on bate and bat parasites. Olof By berg. Stock¬ 
holm, Sweden: Univ. Lund and Zool. Lab. Agr., Dairy, 
and Hort. Inst, of Alnarp. Pp. xvi + 330. (Illus¬ 
trated.) 

This voluminous publication is taken from a greater 
study of many years' duration. It is largely a biological 
account or natural history of Scandinavian bats, but the 
information is equally relevant to the study of North 
American or other bats. Thirteen pages and eight plates 
deal with bat parasites and these chiefly the ectoparasite 
Diptcra of the family Nycteribidae. 

The geographical distribution of bats of the world is 
dealt with by families in the text and in individual maps. 
Detailed maps are given for north European species. It 
appears that there are very few records of bats 1 ap¬ 
proaching* the Arctic Circle. Few, if any, occur in strictly 
polar regions, and none apparently in the treeless tundra, 
where these predominately cuve and arboreal mammals 
could hardly be expected to be found. Ryberg remarks 
on the difficulty of establishing the northern limit of bat 
diatrihutloh in Siberia because of the *' inaccessibility of 
the Russian literature . n In Iceland bats’ occur only as 
stragglers, two North American species having been taken 
during the second world war. Few species occur at the 
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southern tip of South America and none on the Falkland 
Islands. A compilation of altitudinal records shows few 
above 10,000 feet (3050 meters) with two doubtfully at 
16,395 feet or 5000 meters, snowline on the peak of Mt. 
Orizaba, Mexico and near snowline in the Himalayas. 
This is curiously similar to the altitudinal distribution of 
ants. 

Of the 17 fnmilies of bats comprising gome 2000 known 
forms, hibernation takes place mostly in Vespertilionidne 
nnd in a few species of four other families. 

The author ronred bats successfully on a diet of Tene- 
hrio molitoT larvae with added vitamins. The Scandi¬ 
navian species are nil insectivorous nnd all drink much 
water. They fly to water surfaces and repeatedly dip the 
snout into the water ns they fly over it. Besides their 
supersonic sounds the bats make buzzing sounds while 
flying and in connection with other activities, such as 
eating or sneezing. 

The valuable embryological data include what is stated 
to lie the first certain observation of triplet birth in the 
Old World. The author believes that he has obtained 
unquestionable evidence of pregnancy in the spring fol¬ 
lowing fertilization in the autumn. 

Tlie plates consist of a heterogeneous assortment of 
small photographs, some not clenT. They show very well, 
however, the nesting sites and the general habitus of the 
Scandinavian bats. A photograph of twin bats with only 
four instead of five toes is stated to be the first known 
case of hvpodactylia. 

The bibliography of 41 pages deals with world litera¬ 
ture? and is an important asset. 

The author is to be congratulated on this excellent 
monograph, and it is to be hoped that the investigations 
on broad biological problems and parasites will continue. 
The University of Lund deserves credit for undertaking 
the publication of whut in this country would be an ex 
pensive book. 

Neal A. Weber 

V ri urrsiUi of North Dakota 

The avian egg. Alexis L. Romanoff and Anastasia J. 

Romanoff. Now York: John Wiley; London: Chap¬ 
man and Hall, 1949. Pp. xiii + OlB. (Illustrated.) 

$14.00. 

The title establishes the theme of this volume but It 
does not suggest its encyclopedic nature. As the authors 
state: "This book represents an attempt to compile all 
the facts known about the bird's egg." Their findings 
have been arranged into three main divisions: morpho¬ 
genetic expression, biophysicochemical constitution, and 
bio-economic importance. There are 424 figures and a 
wealth of tables. The bibliography contains over 2,500 
references, but unfortunately does not include the titles 
of the articles. 

The book is written in clear and simple language and 
may be unstintingly recommended to a broad spectrum 
of readers, from the research worker to the laity, Serolo- 
gists may be a bit annoyed at the references to "im¬ 
munological" properties, and the bacteriologist will prob¬ 


ably chafe because of the somewhat superficial coverage 
of the chick embryo, since the bibliography contains no 
citations of the work by Woodruff and Goodpasture or 
F. M. Burnet. But the book fills a real need. 

Malcolm H. Soule 

rnireniili/ of Michigan 

Faune de France : Hymenopterei Tenthredojdei. (No, 47.) 

L. Berliind. Paris (VI*), France: Paul Leclievalier, 

1947. Pp. 496. (HluHtrated.) 1,500 fr. 

This well-illustrated volume is the fourth monograph 
oil Hymenoptera contributed to the Faune de France by 
tho versatile and indefatigable Lucicn Borland. Like the 
other throe, which treat of the aculeate Hymenoptera 
exclusive of ants, this descriptive work on sawflies will 
prove n very useful adjunct to the American entomolo¬ 
gist 'b library. 

Following a very brief review of the morphology and 
biology of adult and larval sawflies, Borland enters upon 
tho taxonomic analysis of all families, genera, and species 
of sawfly known to be represented in the fairly rich 
fauna of France or its immediate environs. The diag¬ 
noses arc? concise and lucid, nnd in the case of genera 
are generally supplemented by very satisfactory illustra¬ 
tions of the habitus of one or moro included species, or 
of the anatomical characters employed in the keys. Ap¬ 
pended to the descriptions of most genera are brief notes 
on the biology (generally food habits) and world distri¬ 
bution of their representatives. Where possible, much 
more extensive notes are given for each of the more than 
500 spccieB described. These Include not only records of 
food plants and feeding habits of larvae, brief descrip¬ 
tions of larvae, sites of cocoon formation, partheno¬ 
genesis, and so On, but also extensive lists of parasites. 
Very valuable to tbe entomologists Interested in the com¬ 
parative biology of European and American sawflies is 
the careful and detailed documentation of these notes, a 
fact partially accounting for the large bibliography of 
about 500 references. 

Supplementing the text are tables of information that 
are of special interest to collectors, economic entomolo¬ 
gists, and more general biologists. There is a list of 
French sawfly species whose parthenogenetlc attributes 
are known or conjectured, a list of sawflies known to be 
harmful to cultivated plants, and finally a list of plants, 
whether of economic importance or not, with thair known 
sawfly consociates. A systematic index of more than 30 
pages concludes the work. 

As stated earlier, this book will be quite useful to stu¬ 
dents of the taxonomy of American Bawdies. Representa¬ 
tives of about three-fourths of the more than 90 genera 
figured by Borland are found in this country, and Bor¬ 
land's Illustrations of tbe habitus of numerous species 
will prove welcome supplements to the figures of isolated 
anatomical parts illustrating H. H. Ross's superb and 
indispensable Generic classification of the Near otic saw- 
flies. It is to he hoped that one day someone will do 
for the American fauna what Borland has done so well 
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for that of France, Aside from MacGillivary'e almost 
useless treatment of the Tenthredinoidea in the Eymen- 
optera of Connecticut, there Is still no single modern 
taxonomic work dealing with the classification to species 
of Bawdies for any state, or sizable locale, in the United 
States. 

Kenneth W. Cooper 

Princeton University 


Wildlife management-, upland game and general principle), 

Reuben Edwin Tripponsee. New Tork-London: Mc¬ 
Graw-Hill, 1948. Pp. x + 479. (Illustrated.) *5.00. 

Workers and students in the field of wildlife manage¬ 
ment have long looked for a textbook to report the infor¬ 
mation tlint has so rapidly accumulated since the publica¬ 
tion in 1933 of Aldo Leopold's classic Game management, 
Trippensee F s work accomplishes this purpose admirably 
in several phases of the field. 

Dr. Trlppcnseo lias been a wildlife research worker 
and teacher for 20-odd years in the Lake States and Now 
England. His discussions of wildlife problems and bibli¬ 
ographies amply reflect this long period of work. 

About four-fifths of the text is devoted to discussing 
three broad classes of wildlife—farm, forest, and wilder¬ 
ness—and to summarizing information on the ecology 
and management practices for the various species of 
wildlife considered as typical of these broad divisions. 
In general the information is well presented, though its 
order offers some problems. For instance in describing 
the technique of "Evaluating the Rabbit Range" on 
page 34 it is suggested that the reader turn first to the 
section on "Evaluating the Pheasant Range," some 42 
pages later. The mnterinl for the Lake States area 1 b 
much better than that for the western or southern sec¬ 
tions of the United.States. 

The remaining fifth of the book deals with "Miscel¬ 
laneous Wildlife Relationships" and "Wildlife Admin¬ 
istration." These two sections are in the main adequate 
and sound summaries of predator problems, game harvest, 
refuges, winter feeding, administration, and technical 
training in the field of wildlife management Howover 
the chapter on variations in animal numbers seems in¬ 
conclusive to the reviewer. 

After defining cycles in a way that seems to ignore 
quantitative data (he speaks of "noticeable scarcity" 
and numbers that "attract attention" in referring to 
population densities) Trippensee seems to argue around 
the question, through constantly leaning towards the 
"cosmic theory" os a basis of cycles in animal num¬ 
bers. By using averages, he may well have masked the 
variations in time between dates of jieriods of abundance. 
Much of the data presented indicates both a lack of uni¬ 
formity in time interval and also a lack of uniformity in 
the Causes of decline In animal populations. In view of 
this, the term "cycle" as he uses it has little meaning 
in the commonly accepted sense of the word. 

The reader will note that such important forms of wild¬ 
life ms migratory birds and fur-bekrers are not mentioned 


in the review. Trippensee states that "these, with a 
section on game fishes, were written but not published 
becauso of the difficulty of publishing and marketing as 
large a volume." It is hoped that these sections will be 
made available at a later date. 

William H. Marshall 

Unii'er/tily of Minnesota 

Larger imperforate Foraminifera of Soutb-Westem Asia: 
Familiet Utuolidae , Orbitolinidae and Meandropsinidne. 

Francis R. R. Ilenson. London, S.W. 7, Engl.: British 
Museum (Natural History), 1948. Pp. xl 4-127. (Il¬ 
lustrated.) 1£ 10/-. 

This work is on the Foraminifera of a relatively new 
area. Very little has been published on the older forma¬ 
tions of this region. The Foraminifera of only three 
families are included, one of which is new. Besides this, 
14 new genera, 27 new Bpecies, and six new varieties are 
described. The various forms have complex internal 
structures and the plates show many thin sections to 
illustrate these structures. A glossary of the many spe¬ 
cial terms is included, and keys to the genera of each 
of the three fninilics are given. Detailed text figures 
show developmental stages and the relationships. 

The development and phylogenetic relationships of VRr 
ious forms belonging to these three families are dis¬ 
cussed in detail and add much knowledge to the early 
developmental stages in these complex forms. The bear¬ 
ing of those stages on the evolutionary development Is 
quite complex nod much is still to be discovered regard¬ 
ing their usefulness in determining the true relationships 
of the various genera and their position in a true classifi¬ 
cation of the groups. Many gaps are yet to be filled in 
by future studies. These discussions of the various stages 
and their relationships to one another and to stages of 
other groups should make a decided advance in our 
knowledge of the three Foraminifera families concerned. 
The work should inspire others to add to our knowledge 
and to check the various relationships. 

Joseph A. Cushman 

Sharon, jWa^arhusetts 

Animals ‘without backbones. (Rev. ed.) Ralph Buchs- 
baum. Chicago: Univ. Chicago Press; London: Cam¬ 
bridge Univ. Press, 1948. Pp. xii + 405. (Illustrated.) 
$5.00. 

No one will he as startled or as excited about this new 
edition of a highly successful text as people were about 
the book in its original form in 1938; the novelty of the 
excellent illustrations and simple, direct style has Worn 
off. Yet it is clear that while the former edition was 
going through its seven printings. Dr. Buchsbaum was 
busy finding ways to Improve his book. The new version 
has grown by only 34 numbered pages, and most of this 
is in ap added final chapter entitled "Further Knowl¬ 
edge. ’ ’ In this new section and the accompanying four 
new pages of gravure photographs, the student is intro¬ 
duced carefully to such helpful material as information 
On biological field stations, scientific journals, and bibllo- 
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graphic procedure. A selected list of journals, advanced 
texts and treatises, and books on special aspects of the 
invertebrates is followed by a reprint of three scientific 
articles in their original form: (< The Characters of 
Pelmatohydra oligaotis M (Pallas) by Libbie H. Hyman; 
** Notes on Locomotion in Pelomyxa oarolinensis 7 ' by 
Charles G. Wilber; and a short piece by W. L, Doyle 
and E. K. Patterson, lt Origin of Dipeptidase in a Pro¬ 
tozoan. M These are presented in such a way as to en¬ 
courage the student to make further acquaintance with 
biological literature. 

Significant additions have been made to the photo¬ 
graphic presentation of protozoans, sponges, and proto- 
t* ho relates. New pictures of Peripatun and Ltguus are 
especially striking. Photographs of living material have 
replaced pictures of museum models in several instances, 
and better cuts have been prepared from previous illus 
tmtions. Often the rearrangement of earlier illuBtrn- 
tioDR lias been surprisingly helpful, as for example in the 
case of the photographs of trapdoor spiders and nestB. 
Only one cut, showing a pair of fruit flies, struck tho 
reviewers as below the high standards set elsewhere. 
Better placement of the gravure pages, to correspond 
more closely with the text material, is another important 
improvement. All gravure pages now are numbered for 
easy reference; the new index draws attention to eacb 
illustration in its proper place. 

Loeus .1. and Margery ,1. Milne 
University of New Hampshire 


Bacterial and mycotic infections of man . Bone J. Du bun. 

(Ed.) Philadelphia-Montreal: J. B. Lippincott, 1948. 

Pp, xiii + 785. (Illustrated.) $5.00. 

Viral and rickettsial infections of im *. Thomas M. 

Rivers. (Ed.) Philadelphia-London: J. B. Lippincott, 

1048. Pp. xvi + 687. (Illustrated.) $5.00. 

The first book, like its companion volume on viral and 
rickettsial infections of man, represents the combined 
efforts of several specialists in the field of infectious dis¬ 
eases to present a source of information primarily for 
medical students—in this case on bacterial and mycotic 
Infections. As such, It may be considered a textbook of 
medical bacteriology. 

Using the approach so ably elaborated by Theobald 
Smith, the stated emphasis is on host-parasite relation¬ 


ships; the biological characteristics of the invaders, the 
total response of tho invaded, and the forces, natural and 
artificial, which may alter the balance in favor of the host 
arc integrated to complete the picture. The first nine 
chapters, devoted to a consideration of general back¬ 
ground such as history, the nature and properties of bac¬ 
teria, the problems of infection, and the fundamentals of 
immunology, serve to elucidate the general philosophy of 
the book. The major part of the book, 25 chapters, deal¬ 
ing with i\ consideration of groups of bacteria and fungi 
with their special characteristics and disease-provoking 
potentialities, and therapeutic considerations of their 
clinical effects, presents a well-rounded picture of stand¬ 
ard infectious diseases. Four concluding chapters con¬ 
sider sterilization, chemotherapy, epidemiology, and di¬ 
agnostic procedures in general. 

The book is printed with large type on hard finish paper 
which is well suited for the illustrations. Unfortunately, 
the size of the hook is somewhat awkward; a single- 
column format with smaller pages, even though neces¬ 
sitating a thicker volume, would be easier to use. 

On the whole, the book meets some of the needs of med¬ 
ical students. Representing as it does the work of many 
individuals, it might bo expected to be more unevenly pre¬ 
sented; that there is so little unevenness is to the credit 
of the editor. A few chapters suffer from too great a 
tendency toward a monographic style, and whereas they 
are excellent reviews for the specialist, they seem to be 
more involved than necessary for the beginning student. 
There is some minor duplication of material, but the dif¬ 
ferent approaches of the authors prove stimulating. The 
chapter on the streptococci may be singled out as an ex¬ 
cellent, up-to-date, and comprehensive review of an in¬ 
volved subject, presented in an exceedingly stimulating 
manner. 

The bibliographies are adequate, but not as complete as 
might be desired. 

This book should be of value to students, and could 
serve as a textbook; but its greatest woTth, in the re¬ 
viewer's opinion, will be as a reference voluiqe for the 
initiated rather than as a primary source of information. 

The field of human viral and rickettsial infections dif¬ 
fers from the strictly bacteriological field in that it is 
not so well stabilized and also there has not been a ple¬ 
thora of textbooks on the subject. For these reasons 
the second book reviewed stands somewhat apart from its 
companion. 

The subject is introduced in five chapters covering the 
nature of viruses and the techniques available for their 
study. A chapter on epidemiology stresses the special 
features of viral diseases but also covers the general prob¬ 
lems of infectious disease transmission. A chapter on 
bacterial viruses, while not contributing directly to an un¬ 
derstanding of human disease, is definitely in ordcT as an 
aid to understanding virus behavior in general. The re¬ 
mainder of the 37 chapters cover in detail the specific hu¬ 
man diseases caused by well-established viral and rick¬ 
ettsial agents, together with a few, such as exanthem 
subitum and infections mononucleosis, for which the 
etlologic factors are still somewhat vague. In each case, 
a well-rounded picture of the clinical condition, the known 
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facts about the causative agent, and diagnostic procedures 
are brought together. 

Although the book was written by a number of spe¬ 
cialists, there is excellent uniformity of ajtproach and 
evenness of presentation. The material is up to date and 
the coverage adequate. Since this book has but a single 
rival in Its field as a recent source of the material, it 
might receive strong recommendation on the basis of rel¬ 
ative cost; however, on its own merits it can be enthu¬ 
siastically suggested as a solid foundation for anyone 
desiring a well-balanced presentation of the subject. It 
most definitely fulfills the need of a book on this subject 
for the medical profession, mature and neophytio, and it 
will be extremely valuable for the developing specialist in 
viral and rickettsial science. 

William S. Preston 

University of Michigan 

Dictionary of genetia: including term used in cytology, 

animal breeding and evolution . R- L- Knight. Wal¬ 
tham, Mass.: Chronica Botanica; New York: Stachert- 

Hafner, 1048. Pp. x + 183. $4.50. 

As nn extreme example of the difficulties met with by 
readers of the literature of genetics and cytology, Franz 
Schrader, in his book Mitosis (1944) lists 27 terms that 
have been used by writers in English for a single minute 
specialized region (spindle-attachmcnt , centromere, IHne- 
tochore , otc.) of the chromosome. As he stntes, his list 
is not complete. All will agree with him that there is 
no point in keeping alive the many names that have been 
applied to this small object since its first description 
50-odd years ago. 

Knight refers to this structure in his preface, where 
he lists nine of the 27 terms, plus a new one. He ap¬ 
parently had not seen the book Mitosis, since Schrader's 
name does not appear in the bibliography. We must also 
agree with Knight when he says that genetic literature 
would be more readily understood if writers had, where 
possible, used an existing term instead of coining a now 
one, and when ho expresses the hope that writers will not 
continue to coin new words where suitable terms already 
exist. Now we may ask, how does Knight as a lexicog¬ 
rapher meet the problem of synonymy ; in particular how 
does he handle the chromosome region just mentionedf 
Wilson, in his classical work The cell in development and 
heredity (1025) called it the spindle-attachment and got 
along with this one term: neither In his index nor in his 
glossary does he give any of Its 27 synonyms. 

Turning to the body of Knight's Dictionary for an 
answer, one finds spindle-attachment listed and defined. 
Checking the other nine terms listed in his preface we 
find four— attachment constriction, centromere, insertion 
region, and kinetic constriction —alphabetically listed and 
defined. The definitions aTe in almost the same words as 
for spindle-attachment . Cross references indicate that 
the author considers these five terms as synonyms. The 
remaining five of the nine terms are listed alphabeticdlly, 
and after each the reader is referred for a definition to 
one of the four terms just mentioned. 


Although such duplication of definitions is not a gen¬ 
eral feature of the book, conservation of space might 
justify printing the definition once and listing all known 
synonyms, followed in each case by a cross reference only. 

One cannot avoid speculating as to what brought about 
the profuBe growth of synonyms in this glaring instance, 
as well as in the literature of biology in general. The 
origin of now terms for old objocts may be in part adap¬ 
tive change; the new terms may express more truly than 
the Old the real nature of the entities. The term spindle- 
attachment, as used by Wilson, was accurate and descrip¬ 
tive so far as it went. But during the past 25 years some 
progress has been mode toward understanding tlio object, 
both structurally and physiologically. Cytologists now 
agree that it is more than the region of spindle fiber at¬ 
tachment. Rather, it is regarded as a differentiated 
chromosomal structure which plays a dynamic role in 
the movement of the chromosomes during mitosis; hence 
kinetochore, a term suggested by Moore and recommended 
and used by Sharp in his Introduction to cytology (1034) 
and Ins Fundamentals of cytology (1943) is more de¬ 
scriptive. 

Perhaps another cause for the multiplicity of synonyms 
among English-speaking biologists is isolation. Geo¬ 
graphical or psychological isolation may account for the 
preference of British cytologists for the term centromere, 
introduced by Darlington in 1036, although it is admitted 
that this term is in many cases not an accurate one bo 
far as indicating the linear position of the structure in 
the chromosome is concerned. The centromere may reside 
at any point along a chromosome except the extremo end. 

The minting of unnecessary terms probably results 
also from the relative indifference of some authors to 
the interests of their readers—not to mention the possibil¬ 
ity of their own occasional conceit or vanity. 

Knight's Dictionary is not limited to modern terms, 
because, as the author states, students still read and need 
to understand the older books. Including older terms 
will, he hopes, help to deter authors from putting new 
meanings on established words. 

For some of the entries, definitions are taken directly 
or with slight changes from the works of others. In these 
cases the original authors' names are added. It is not 
apparent to the reviewer why the names of some authori¬ 
ties are followed by dates and others are not. References 
to the 125 authors cited are given in the bibliography. 
The Dictionary contains about 3,000 entries. Derivations 
of terms are not given; nor are pronunciations. 

Recalling the aphorism of Dr. Johnson that ‘ ‘ Every 
other author may aspire to praise: the lexicographer can 
only hope’ to escape reproach," it is inevitable that 
critics will take exception to some of the definitions as 
well as to certain omissions and inclusions. This is an¬ 
ticipated by the author in his request for additions and 
corrections for subsequent editions. In general the defi¬ 
nitions strike the reviewer as clear and concise. Very 
few outright errors have been noted in a sampling of 
numerous pages. The reviewer intends to take the author 
seriously and send suggestions to him. Since the best 
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of dictionaries, like the best of other compilations, are 
those that have been subjected to rigorous criticism, bi¬ 
ologists will bo performing a service to students and 
writers by giving Dr. Knight the benefit of their ideas. 

Twelve pageB of appendices constitute a valuable fea¬ 
ture of the book. These include numerous commonly used 
statistical formulae and tables, among them a table of 
chi square that is more extensive than similar tables in 
most text books. There is an unusual table of *' Distances 
Recommended to Avoid Seed Contamination," compiled 
from the recent literature. The book is attractively made 
up and is printed on a heavy grade of paper in clear 
and legible typo. 

Edward C. Colin 

Chicago Teachers College 

General cytology. E. D. P. DeKohertLs, W. W. Nowluski, 

and Francisco A. Baez. (Trans, by Warren Andrew.) 

Philadelphia: W. B. Saunders, 1040. Pp. 345. (Illus¬ 
trated.) $5.50. 

This readable and well-illustrated short text, originally 
published in Argentina, achieves a remarkably broad sur¬ 
vey of modern cytochemistry, cell physiology, and cyto¬ 
genetics. Its emphasis on cytoplasmic structure and the 
activities of " resting 19 cells reflects the profound shift 
in interest in the 25 years since Wilson's summary of 
classical cytology, with its concentration on chromosomes 
in dividing cells. Noteworthy features are accounts, pre¬ 
viously reviewed only in symposia and monographs, of 
recent work on secretion, chromosome structure, * l ultra- 
structure,^ membane permeability and enzyme systems, 
and descriptions of many ingenious techniques of physical 
and chemical cytology (occasionally emphasized at the 
expense of results or interpretations). In the reviewer's 
opinion, however, the book's principal contribution is 
pedagogical: The presentation of cytology as the synthesis 
of related facts customarily scattered through courses in 
"cytology," histology, physiology, biocliomistry, genetics, 
and embryology. That the unity actually achieved is far 
less than ideal is no argument against either the validity 
of the innovation or the need for such a course at the 
senior or beginning graduate level. Rather, it is a 
challenging commentary on our state of knowledge. 

The book is reasonably free from the twin curses of 
cytology: excessive and esoteric terminology, and ** ex¬ 
planation" by definition or redoscription. Each chapter 
has on up-to-date though incomplete bibliography. The 
emphasis is more zoological than botanical. The trans¬ 
lation is clear, if not always polished. Occasional promi¬ 
nence given the authors' own work reflects their en¬ 
thusiasm and directs attention to research in Latin 
America. Critical readers will note: a fair number of 
minor errors; omission of some pertinent modern con¬ 
tributions, for example, in the experimental analyses of 
cell division and of radiation effects; acceptance of some 
recent work with less reservation than perspective may 
justify; hypocritical embrace of certain Darlingtonian 
hypotheses; and inclusion of macb primarily genetical 
material. However, such defects are * remediable by a 
good teacher, and do not obscure the wealth of well- 


considered and accurate information presented. Few will 
agree that ‘ 1 Purely morphological cytology . . . has ex¬ 
hausted the study and description of various cellular 
structures," but also few will deny that here a stimu¬ 
lating step is taken toward the integration of biological, 
physical, and chemical data which must ultimately give us 
a unified and meaningful concept of the structure and 
functioning of the living oell. 

John B. Buck 

National Institutes of Health 

Nucleic acid i and nucleoprotetui. (Cold Spring Harbor 

Symposia on Quantitative Biology, Vol. XII.) Cold 

Spring Harbor, N. Y.: Biological Laboratory, 1947. 

Pp. xii + 279. (Illustrated.) $7.00. 

This volume is the second symposium on nucleic acids 
to appear in print within a year (cf. Symposia Soc. exp. 
Biol . Vol. 1). This coincidence reflects the current wide 
interest in nucleic acide as an Important cell constituent 
and a possible key to some of the fundamental problems 
of cellular biology. Although the contents of the two 
symposia overlap in part, the wealth of material and the 
fluid state of research in this field, dls well as the absence 
of definitive conclusions, moke duplication a rather de¬ 
sirable feature. The reviewed symposium, organized by 
M. Demerec, included contributors from Belgium, France, 
England, Sweden, and the U.S.A.—among them J. M. 
Gulland. The volume is dedicated to this distinguished 
biochemist, who lost his life a short time after the 
meeting. 

The 25 separate articles cun be grouped into five major 
sections. The first deals with problems of tho chemical 
and physical constitution of nucleic acids (NA) and 
nucleoproteins (NP). The structure of NA as a poly¬ 
nucleotide is discussed by Gulland in the light of the re¬ 
sults of careful titrations. Taylor, Greenstein, and Hol- 
laender report the effect of X-rays on the state of 
polymerization of NA, and the effect of ionizing radia¬ 
tions on various preparations of nuclear material is in¬ 
vestigated by Errera. Enzymatic degradation as a tool 
of constitution analysis of NA is described by Green¬ 
stein, Carter, and Chalkley; and by Schmidt, Cubilea, and 
Thannhauser. Michaells deals with the interaction of 
NA with basic dyes, correlating the spectral properties 
of the dyes with their degree of polymerization. For 
various reasons the chemistry of histological reactions 
has been notoriously neglected, and it is encouraging to 
And that the same author who In 1902 wrote a textbook 
that was probably one of the first introductions to the 
chemistry of histological staining is returning to this 
field. 

Another group of investigators is concerned with the 
distribution of NA and NP in cells and tissues. Besides 
his own findings, Davidson Includes data of several other 
authors on the NA content of mammalian tissues and of 
tissue cultures. Schneider compares the NA content of 
liver, regenerating liver, and hepatoma, and extends the 
determinations to separated oell parts like mitochondria 
and nuclei. Remarkable progress seems to be taking 
place in elucidating the composition of the chromosome. 
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This is borne out in studied on isolated nuclear compon¬ 
ents by Mirsky, Follister, and Ris, and in histochemical 
studies by Berra, Schultz, and Muzia, Dnniel, Hayashi, 
and Yudowitch. The presence of the Stedmans at the 
symposium, and their discussion of nonhistone proteins 
in the chromosome, give hope that a long controversy is 
on Its way toward resolution. 

The role of NA and NP in the biology of bacteria is 
considered by Belozersky and by Chargaff. Roivin pre¬ 
sents his results on the production of mutations in colon 
bacilli by specific desoxyribose-nucleic acids and proceeds 
to an interesting discussion concerning the purity of his 
preparations of NA. The effect of chemical mutagens 
on bacteria is discussed by Wjtkin. 

The possible significance of NA and NP in the em¬ 
bryonic development of organisms receives consideration 
by Brachet and Thorell. These authors deal with the 
possible function of NP as organizer and the changes of 
NA content in differentiating tissues. 

An important phase in the current investigation of NA 
and NP is their relation to virus reproduction and to the 
synthesis of proteins. This field is covered by Knight, 
Hydtin, B. S. Cohen, and Bpiegelmnn and Kamen. The 
papers of the last three authors deserve attention because 
of their objections to an oversimplified interpretation of 
tho relation of NA content to protein synthesis in cells. 

This volume has been a valuable aid to the reviewer in 
the course of his research on related topics—by the 
stimulating compRrisons suggested in its widely differ¬ 
ent approaches, by its critical discussions, its reference 
lists, and its index. Tho subject selected for discussion 
and the high standard of contributions make this sym¬ 
posium a worthy continuation of the series. One is in¬ 
clined to keep the volume near at hand at the laboratory. 
Swimming in the swift waters of present research on 
nucleoproteins, one may regard this book as an anchored 
raft on which to catch one's breath and gain enough dis¬ 
tance from the currents to set one’s own course. 

Heinz Peurmann 

Yale University 

Investigations of human requirement! for B-eomplex vita- 
mini. Max K. Honvitt, Erich Liebert, Oscar Kreisler, 
and Phyllis Wlttmnn. Washington, I). C. : National 
Research Council, 1948. Pp. v + 106. (Illustrated.) 
$ 1 , 00 . 

Because It is costly and difficult to measure man's 
physiological needs with quantitative precision, few such 
measurements have been made. There are very few esti¬ 
mates of continuing needs through periods long enough « 
to stabilize body storage at Axed levels. In the present 
study, which seta a Tecord for length of observation, ex¬ 
perimental subjects were kept under controlled conditions 
for three years. 

Detailed studies are reported on 86 men, 21 of them 
old and 15 youhg, who were kept on diets containing 
graded amounts of thiamine and riboflavin. The results 
are hot dramatic but they Indicate that 400 mierograme 
of thiamine is below the minimal daily requirement of 
inactive men; that the aged are less resistant than the 


young to restriction of B vitamins, although their opti¬ 
mal requirements do not appear higher; that a restricted 
intake of thiamine tends to intensify neurologic and psy¬ 
chiatric symptoms of the mentally infirm, but that a 
very liberal provision of B vitamins has no observable 
therapeutic value. A metabolic load test is described 
which promises to be useful clinically in the diagnosis 
of thiamine deficiency/ It comprises mild exercise after 
oral glucose and immediate determination of lactic and 
pyruvic acids in the blood. 

la epitome, the book reveals a careful, sober study 
whose value lies as much in its negative as in its positive 
findings. It illustrates both the possibilities and the 
difficulties of using the patients of mental hospitals for 
practical studies in nutrition. The authors, their spon¬ 
sors, and the authorities of the Elgin Stale Hospital are 
to be congratulated for thoroughness and patience in an 
investigation requiring a high level of cooperation on the 
part of staff and subjects. 

R. R. Williams 

Research Corporation, New Ynrlc City 

Experimental immuno chemistry. Elvin A. Kabnt and 

Manfred M. Mayer. Springfield, 111.; Charles C. 

Thomas, 1948. Pp. xv + 567. (Illustrated.) $8.75. 

This hook fills a particular need long felt by many 
workers not privileged bo mnture in the laboratories in 
which the science of inimunochemistry was being molded. 
I)rs. Rabat and Mayer, as students of Professor Heidel- 
berger, have been instrumental in the development of this 
subject- The present book contains, “for the first time, 
in one place, the scattered techniques which have been 
developed to fill the needs of immunochemical problems. 

In the first part we have the methodology of the 
anti gen-antibody reactions. Here tho quantitative im¬ 
munochemical principles and methods are very clearly 
expounded and illustrated so that the student can apply 
these principles by analyzing for himself some of the 
numerous tableB and graphs that have been compiled from 
the voluminous source literature. The book also serves 
as a laboratory manual with its many detailed procedures. 
Hence, from this Boction alone the book is an excellent 
accompaniment to an advanced laboratory course in the 
subject. Part II gives various applications and uses of 
the quantitative methods, such as assaying serological 
reagents and using quantitative methods in studying prob¬ 
lems of homogeneity and cross reaction. Part III gives 
instruction in the special methods ranging from Kjoldahl 
nitrogen and phosphorus estimations to tho more spe¬ 
cialized physical biochemistry methodolgy. Part IY iB a 
compendium.of what might be termed “immunochemical 
preparations, ’' giving methods for preparing substance* 
of altered specificities, such as phosphorylated proteins, 
serum proteins and their fractionation, and various types 
of bacterial antigens. An appendix deals with tho usual 
problems of bleedings, animal injections, glassware cali¬ 
bration, buffers, spectrophotometry, etc. 

Experimental immvnoohemi&try should be, therefore, of 
considerable value to those who work in the basic fields 
of preparative biochemistry and microbial metabolism 
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The manuscript submitted ran to over 400 pages. The 
book was sot in type chapter by chapter. Early portions 
of the book were in galley proof before the end was set 
in type. The double column design adopted was modeled 
after the Journal of the American Chemical Society on 
the theory that chemists are familiar with this type of 
format. The small print for the experimental sections 
made further compression possible. The size of the book 
was chosen so that it would fit in the same shelves ns the 
Journal of the American Chemical Society bound volumes. 
The book weighs live and one-half pounds. The entire cost 
of publication was borne by Princeton University Press. 
Dr. Clnrko edited the American sections; Sir Robert 
Robinson edited the British sections and Dr. Johnson 
wns responsible for the Index. 

Everett S. Wam.ih 

rrinccton , New Jersey 


General endocrinology, C- Donnell Turner. Philndelphhi- 
London: W. B. Saunders, 194H. Tp. xii + 004. (Illus¬ 
trated.) $6.75. 

There has long been a need for this bonk. Most texts 
on endocrinology have boon written to fit the needs of 
the advanced investigator and physician, with no effort 
to interest a more general group of readers and afford 
them n good background and bibliography. This volume 
will probably do more to stimulate work in the field than 
many weightier and more specialized tomes. 

Turner has fitted many of the arguable points into the 
first two chapters. His introduction, for example, includes 
a general survey of backgrounds and methods and the 
generalized features and glands of uncertain endocrine 
function. The second chapter is mainly centered about 
the biology of secretion, and here we find some.strange 
companions such as chemical coordinators, inductors, and 
ovocators (embryonic), phytohormones, chemical media¬ 
tors (nervous), autolyzing tissues, parahormonics, and 
vitamins. The space devoted to these components is not 
great and serves to advantage in bringing diverse phe¬ 
nomena together even though they cannot all be cata¬ 
logued as cell secretions. The accent of the chapter is 
directly on the physiology of the secretion and if oc¬ 
casionally substances which are normally cell bound are 
included under this head, it is of advantage to notice the 
analogies of functional condition which may pervade the 
reactions of the products. 

The succeeding chapters from three through twelve deal 
in the main with individual glands iu as complete n man¬ 
ner as is possible in a work of this size. There are ex¬ 
cellent bibliographies at the end of each chapter, giving a 1 
sequence to the total work performed in organizing the 
information presented. In Chapter VI f succeeding that 
treating the pancreas, there is a short and succinct treat¬ 
ment of the alimentary secretions and their relation to the 
generalised picture of reaction. 

Chapter XI is taken up completely with the inter¬ 
action of the hormones during pregnancy and lactation 


rind an excellent review of what we know about the 
interacting constituents during these processes. 

After a concise treatment of the hypophysis (pitui¬ 
tary) the last 76 pages of text are devoted to a review of 
endocrine mechanisms in the invertebrates. This is an 
admirable presentation of the diverse mechanisms and 
how they work. While one might argue about some of 
the implied correlations between the activity of verte 
brate and invertebrate materials, this in no way detracts 
from the presentation as a whole. The fact that it is 
presented in arguable form is a compliment to the in¬ 
genuity trf-the author, for these reacting substances do 
not have the clarity of result or the known chemistry of 
the vertebrate secretions. 

The book as a whole is informative, carefully prepared, 
and extremely intriguing, It is a unique treatment of 
this very inleresting field. 

J. B. Nitholab 

Yale TJnivcr.iih/ 



Pathology* W. A. D. Anderson. (Ed.) St. Louis, Mo.: 

C. V. Mosby, 1948. Pp. xii+ 1453. (Illustrated.) 

$15.00. 

This book is not just another textbook of general 
pathology. Neither does its virtue lie in any unique 
manner of presenting its subject, since it follows in gen 
oral the standardized ordeT, with chapters on the fun¬ 
damental pathological processes, their variations wilh 
etiology, and their manifestations as related to the various 
parts of the body. The text will have outstanding value 
for teachers and graduate students of pathology, who 
will find therein an unusual amount of useful information 
ordinarily gleaned only by extensive search through 
periodical literature. 

Most of the chapters ure written by well-known au¬ 
thorities in the various fields, who have carefully evalu¬ 
ated data from many sources, and have recorded the 
salient facts in concise, convenient form. The use of 
headings, spacing, varied printing, and numerous ilius- 
trations gives emphasis to the more important subjects 
and facilitates ready reference. Each chapter is con¬ 
cluded witlf a generous bibliography, arranged con¬ 
veniently according to subjects. Most authors have 
placed commendable emphasis upon relationships between 
pathology and the other basic sciences, and between 
pathological changes and clinical phenomena. 

The changing order in out modem world justifies the 
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attention directed at the formerly designated “tropical 
diseases/ 1 and to the effects of various forms of radia¬ 
tion upon tissues. Also treated comprehensively are the 
diseases of the skin, special sense organs, lips, mouth, 
teeth, and skeletal system. A surprising omission is a 
chapter on diseases of muscles. This is especially dis¬ 
appointing since a growing interest «in this subject is 
increasing the number of muscle biopsies to be diagnosed 
by pathologists. 

As a textbook, this book will create by its bulk u real 
problem for medical students who arc expected to as 
pirnilate it in the usual one-semester course. As a refer 
once book, it can bo recommended unreservedly to nil 
who are interested in the problems of disease. 

Pearl M. Zklk 

College of Medicine, 

University of Cincinnati 



Pt ychiatry in general practice. Melvin W. Thornor. 

Phlladelphia-London: W. R. Saunders, 1948. Pp. 

xi + 659. $8.00. 

The author of this book has attempted to present psy¬ 
chiatry in a language relativoly free of confusing termi¬ 
nology, and yet he manages to cover the theories and 
concepts that are generally accepted today. 

The book is divided into two main parts, which are 
designated as i 1 The People' ' and ' * The Methods.'' In 
the first part the chapters are named by the principal 
problem or mental symptom, e.g., “Intelligent People/ 1 
‘ 1 Dull People, * ' " People and Sex, “ “ People and Catas¬ 
trophe/' M Unhappy People/' "Dreamy People," "Con¬ 
fused People," "AnxiouB People." One might raise 
the objection that such titles detract from the dignity of 
the book. Each chapter has a short informative intro¬ 
duction to the topic, complete illustrative life histories 
of patients, and an excellent summary. The author 
hopes to give the student or physician the ** feel 1 ' of the 
psychiatric patient and his use of many well-selected cose 
records and brief interpretations of the patients' be¬ 
havior does much to accomplish this purpose. 

Treatment is the theme of the second part of the book. 
There are good chapters on interviewing, sedation, and 
psychotherapy. The limitations of euoh procedures as 
electroshock therapy and prefrontal lobotomy are dis¬ 
cussed. The Information about the related shock ther¬ 
apies Is concise but adequate to enable the physician to 
discuss with the family the nature of a treatment that 
may have been recommended by a psychiatrist or hospital. 


This book offers much help to the general practitioner 
in understanding nnd treating many of his patients. It 
is recommended. 

Fila.nk H. Luton 

Vanderbilt University School of Medicine 

The aviation psychology program in the Army Air Forest. 

(Bep. No. 1.) John C. Flanagan. (Ed.) Washing¬ 
ton, D. C.: Supt. of Documents, U. S. Govt. Prntng. 

Office, 1948. Pp. xiH 310. $2.00. 

This is the first of a series of 19 volumes designed to 
record, evaluate, and make available the major research 
findings and experience of the AAF Psychology Pro 
gram during the period of World Wnr II. In this vol¬ 
ume, Col. Flanugun, who directed the program under the 
Air Surgeon, Major General Dnvid N. W. Grant, and 
the chief of the Medical Research Division, Col. Loyd 
E. Griffis, reviews the research findings and discusses 
their implications. The book is both an introduction and 
a summary of the series; the titles and editing authors 
of all 1H volumes of the series are listed on pages 
3 and 4. So much credit is given to his military and 
civilian associates that Col. Flanagan's own outstanding 
contributions as director and research leader of the pro¬ 
gram are not immediately evident. The volume is ar¬ 
ranged in throe parts: I. Background and development 
of the Aviation Psychology Program; II. Specific solu¬ 
tions of problems; and 111. General contributions. 

Building on the experience of World War I and on 
some work accomplished bv civilians through the Na¬ 
tional Research Council and the Civil Aeronautics Ad¬ 
ministration in 1939 and 1940, the Army program took 
shape. It was decided to organize a coordinated re¬ 
search program rather than a strongly centralized 
agency, and to place the work in intimate association 
with the AAF training fields. Twenty categories were 
identified by analyzing the reasons for eliminating men 
from primary flight training. These were grouped into 
four principal ureas for assigning responsibility for tost 
development; (1) tests of information, judgment, and 
intellectual ability, (2) tests of alertness, observation, 
and speed of perception, (3) tests of coordination and 
visual-motor skill, and (4) tests of personality, tem¬ 
perament, and intorcst. Previous efforts had centered 
chiefly on selection of pilots. The AAF program en¬ 
visaged a broader need, that is, the selection and classi¬ 
fication of all air-crew. 

There are five fundamental steps that psychologists 
use in aptitude testing and personnel selection: I. Job 
analysis of positions for which applicants are to 
selected; II. Test construction in line with the job anal¬ 
ysis by ad&pting previously used tests or in making up 
new ones; III. Teat reliability determination through 
giving alternate forms ta sample populations and noting 
degree of score agreement; IV. Rehearsal administra¬ 
tion of proposed tests to training groups otherwise se¬ 
lected for discovering the relation of test scores to suc¬ 
cess and failure in training; and V. Validation appraisal 
through selecting men for training by the teste devel¬ 
oped ; then after training or other exhibits of compc- 
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tence in job performance relating the test scores to the 
auccesa or failure records, and finally discarding thoBC 
testa which have proved low in prediction value, in the 
Air Force program several hundred tests were worked 
through these five steps and only the best twenty or so 
were used in the final selection batteries. There were 
two main groups of tests used: (1) Tho AAF Qualifying 
Examination (in place of the earlier requirement of two 
years of college), which was given to more than a million 
men, and (2) Special Abilities, given to more than a 
half million in making selections for bombardier, flight 
engineer, navigator or pilot training. 

It is interesting and illustrative of the material pre¬ 
sented in Col. Flanagan's Report to note (pp. 82 ff.) 
that when step IV was applied to more than 1,000 men 
assigned to pilot preflight schools only 23 percent suc¬ 
ceeded in becoming rated pilots, whereas if only the 
upper half had been admitted, us rated by their scores 
on the tests being tried out, 75 percent, on the same 
criteria, would have been rated successful. When the 
matured selective tochniques were used tho failure rate 
dropped so low that fewer training fields were required. 

The aviation psychologists were able to develop ob¬ 
jective measures of flying skill, aerial measures of navi¬ 
gation proficiency, rating methods for flexible gunnery, 
and proficiency tests for flight engineers, bombardiers, 
and radar observers. Their success in screening and se¬ 
lection proved so valuable that they wore Bet to work on 
the content of training courses and methods of training, 
and the development of new training devices and equip¬ 
ment. Finally, in the latter part of the war, they in¬ 
itiated a number of testing methods and procedures 
concerned with individual reactions to combat. As an 
illustration of the important role that social science 
can play in human affairs, and of scientific method in 
social science, this introductory summary volume and 
the series of roports it represents may be strongly recom¬ 
mended. Considered from the standpoint of variety of 
measurements, types of tests, and size of test samples nnd 
populations examined, tl^ese data from the AAF Psy¬ 
chology Program constitute tho largest mass of psycho¬ 
logical measurement materials ever gathered in any 
experimental or applied psychological project. This re¬ 
port and later volumes in tho series will long retain their 
importance in the field of aviation psychology. 

Yale University W ‘ ^1L1B 



General cartography . (2nd ed.) Erwin Raisz. New 

York-London: McGraw-Hill, 1948. Pp. xv + 354. (Il¬ 
lustrated.) $6.00. 

General cartography is a thoroughly revised edition of 
the book which appeared a decade ago under the same 
title. It contains a wealth of valuable information and 
will become one of the indispensable reference books of 
the cartographer’s library. 

The quickest way to obtain an idea of the scope of the 
book is to examine its table of contents: I—Tho History 
of Maps, II—Scales and Projections, III—Representation 
of the Earth's Pattern on Maps, IV—Lettering, Composi¬ 
tion and Drafting of Maps, V—Surveying on the ground 
and from the air, VT—Official uml Professional Maps, 
VII—Cartographic Specialities, VIII—Scientific Maps. 

Each of the eight parts listed iB composed of four 
chapters, making 32 in all. This division of the text 
makes the volume readily adaptable to use in a majority 
of college courses. There is also an appendix offering 
instructions for preserving and cataloguing maps, labora¬ 
tory and field exercises for student assignment, a series 
of useful tables, and a bibliography of easily available 
references. 

General cartography holds the distinction of being the 
only book covering the field of modern cartography by an 
American author. It is up to date, well illustrated, and 
authoritative. Tho task of gathering and assembling the 
material for this volume obviously has required many 
years of careful research. The finished work is a credit 
to the author. 

As might be expected in view of Dr, Raisz 'a extensive 
study of the history of maps, tho book contains an excel¬ 
lent treatment of early map making. With the aid of 
four fully annotated time charts, the author traces the 
history of cartography from 600 B. C. down to the present. 
The reader will find descriptions and illustrations of the 
charts of the Marshall Islanders, the clay tablet maps of 
the Babylonians, and tho early maps of the Greek, 
Egyptian, Chinese, and Roman cartographers, including 
the Ptolemy maps and portolan charts. The achievements 
of the Dutch, French, German, English and Italian car¬ 
tographers, tho work of the National Surveys, and the 
growth of American cartography are all fully reported. 
The four chapters dealing with the history of maps are 
valuable reading for all cartographers. 

The main body of the text is devoted to methods and 
techniques employed in modern cartography. Unfortu¬ 
nately the author has attempted to cover everything and 
consequently has failed to give adequate attention to 
many of the basic elements of the subject. This situa¬ 
tion is understandable when one realizes the magnitude 
of the assignment but it is nevertheless regrettable. Im¬ 
portant topics such as relief presentation, map composi¬ 
tion, map reproduction, and projections are treated 
briefly. In the opinion of the reviewer the book would 
serve more effectively as a text if it gave more attention 
to how to plan and execute cartographic jobs and less 
attention to What hoe been done in the field and by whom. 
Every page contains interesting and useful information, 
but mueh of this is not directly applicable to teaching 
the subject. 
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No review of Dr, Ruisz’s latest book would be complete 
without mention of the chapters dealing with the applica¬ 
tion of cartographic and related techniques to the pres¬ 
entation of statistical information. Many excellent meth¬ 
ods of putting life into inert masses of figuros have been 
described and illustrated. Statistician!], cconoifiists, and 
geographers will do well to study those chapters carefully. 

General cartography is the work of a scientist and 
artist. It is a contribution to the subject of cartography 
and will play an important role in the development of 
the science. 

Wallace W. Atwood, Jr. 
Research and Development Board 



Sedimentary roc ki. F. J. Petti job ii. New York: Harper, 

1949. Pp. xv+ 520. (Illustrated.) $7.50. 

Sedimentary rocks, by F. J. Pettijohn, comes at an 
opportune time, 10 years after the last comprehensive 
volume on sedimentation was published by Twenhofel. 
Petti john 'a treatise is essentially a study of the products 
of sedimentation rather than its processes. The book 
begins by summarizing the general nature of sedimentary 
rocks and discussing their principal attributes; texture, 
mineral and chemical composition, structure, and color. 
A chapter on classification follows, and then the prin¬ 
cipal types of sedimentary rocks are described in con¬ 
siderable detail. The work concludes with a discussion 
of the processes of weathering, transportation, deposition, 
and diagenesls. 

The general approach is well balanced and attention 
is focused on the more important aspects of sedimenta¬ 
tion. Minor controversial features are dismissed with 
brief discussions or reference to pertinent literature. 
The 700 citations to previous literature are well chosen 
and up to date. Pettijohn's general appraisal of other 
authors 1 work is good, but he places more reliance on the 
validity of some inferences ho cites than this reviewer 
would. Tho volume contains many tables on the ehem- 
ical and mineralogical composition of sedimentary rocks. 
The illustrations are well chosen and include many graphs 
showing quantitative relationships of properties of sedi¬ 
ments to one another. The index is moderately good. 

This book is so worthwhile that any attempt to point 
out its'weak parts is likely to overemphasize them with 
respect to the work as a whole. The discussion of black 
shale, ocean and lacustrine deposits, and the fundamental 
physical and chemical processes affecting sediments seems 
to be less effectively treated than other subjects; but on 
the other hand the discussion of glacial sediments, abra¬ 


sion of particles, quantitative aspects of sedimentation, 
and applications of laboratory studies to the interpreta¬ 
tion of sediments is extremely stimulating. The section 
on geosynclinal sedimentation is particularly Interesting. 

Fettijohn has proposed a new classification of sedi¬ 
mentary rocks, partly descriptive and partly genetic. 
Geologists may have mixed feeling over some of the 
names that are recommended. For example, to call a 
quartzose sandstone an orthoquartzite M is likely to 
cause confusion, because of the well-established usage 
of the term 11 quartzite 1 r in metamorphic geology. On 
the other hand, the designation of the term " graywooke' J 
for an indurated feldspnthic Band with a clay or chlorite 
matrix seems quite useful. 

This volume, according to the author, is designed as a 
text for senior and graduate students. It is also a handy 
book for the mature worker and altogether represents 
n distinct contribution to geology. 

Parker D. Trask 

Oakland, California 

Geology and paleontology. (Fiat Review of German 

Science, 1939-1946.) Ludwig Huger, et ol. Berlin: 

Office of Military Government for Germany, 1948. Pp, 

243. (Illustrated.) 

This volume is one of a scries which, in the words of 
itB sponsors, is intended to 11 present a complete and con¬ 
cise account of the investigations and advances of a fun¬ 
damental scientific nature made by German scientists in 
the fields of biology, chemistry, mathematics, medicine, 
physics and sciences of .the earth during the period May 
1939 to May 1946. M The series will include reviews of 
work on 44 subjects within these fields; some subjects, 
such us inorganic chemistry and applied mathematics, 
require five or six volumes. 

Besides the present volume, the earth sciences are rep¬ 
resented in the series by four volumes devoted to geog¬ 
raphy, one to mineralogy, and two to petrography. 

The following have contributed reviews to Part I of 
the work (general geology) : L. Huger (geologic chronol¬ 
ogy; interior of the earth, vulcanism) ; B. Schachner- 
Korn (structural geology) ; K. H. Scheumann (petrotec- 
tonics of the Variscan and pre-Variscan crystallines on 
the northern border of the Bohemian- Massif and in the 
Sudeten); A. Strigel (tectagenesis of the European and 
North African Variscan [Hercynian]); W. Carle (post- 
Variscan tectonics in central Europe) ; A. Bentz (salt 
domes, petroleum geology); W. Schott (recent deep-sea 
sediments); E. Stach (coal petrography); E. Blanck 
(weathering); and H. E. Stremme (soil science). 

To Part tl (formations) the following contributed: 
M, Schwarzbach (Cambrian); G. Sollo (Devonian); A. 
Strigel (Carboniferous, Permian ); W. Schott (Triassic, 
Weiss jura); K, Hoffmann (Lias and Dogger); O. Seitz 
(Cretaceous) A, Schad (Tertiary of northwest Ger¬ 
many) ; E. Wirth (Tertiary of the upper Rhine Valley) j 
and E, Ebers (Quaternary geology of the Northern Alps). 

The third and last section, paleontology, is constituted 
as follows: H. Hiltermann (micropaleontology); M. 
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those explaining the irregularities in physiology and nu¬ 
trition of animals and man. 

E. R. Graham and Wm, A, Albrecht 
University of Missouri 



Rings and ideals. Neal H. McCoy. (Cams Mathematical 

Monographs of Tho Mathematical Association of Amer¬ 
ica,) LaSalle, Ill.: Open Court Publ., 1948. Pp. xii + 

210 , 42 . 00 . 

This attractive little volume, well written and neatly 
printed, offers an excellent and almost entirely self-con¬ 
tained introduction to some of the most interesting topics 
in elementary modern algebra. Chapter I discusses the 
idea of a ring, with the help of some carefully thought out 
examples; chapter II further illustrates the same concept 
by a more detailed discussion of polynomial rings. Chap¬ 
ter III introduces the all-important notions of the ideal, 
of homomorphism, and of the residue class ring, After 
some auxiliary results in chapter IV, chapters V and VI 
offer an excellent, thoroughly modern, and lucid trent- 
ment, by means of Zom's principle (without any finitenoss 
assumptions), of the basic properties of the radical and of 
the Jacobson radical, and their application to the rep¬ 
resentation of rings as direct or subdirect sums. This is 
illustrated, in chapter VII, by a discussion of Boolean 
rings and of p-rings. The last two chapters (somewhat 
loosely connected with the rest of the book) give a concise 
exposition of matrices and determinants over arbitrary 
commutative rings (knowledge of the theory of deter¬ 
minants over a field being assumed), and of the basic 
facts concerning primary ideals and Noetherian rings. 

Utmost simplicity has been reached in nearly all proofs; 
this, together with an easy and readable style, and a skill¬ 
ful use of examples, should put the book well within reach 
of beginners in the field, without rigor being sacrificed in 
any way to 1 this object. Both the simplicity of the ex¬ 
position and the generality of the results are further en¬ 
hanced by the fact that the author carefully avoids bring- 
ing in any assumption before it really becomes necessary; 
when he does so, he takes into account the results of the 
latest research, including some of his own. Thus, chain- 
conditions are not even mentioned before the last chapter. 
Similarly, commutativity is introduced only when it is 
needed, even though the emphasis la mostly on commuta¬ 
tive problems and methods. All this is in full agreement 
with the las test developments in algebraic theory and 
practice, and should prove most helpful to readers who 
wish to acquaint themselves with such developments; 
further help and guidance is provided by means of a 
good bibliography and a brief discussion of the main 
source material at tbe end of each chapter. 


The author deserves to be congratulated for this valu¬ 
able addition to the literature j and tbe book may be 
warmly commended, both to newcomers to the subject and 
to those who have lost contact with it and may wish to 
bring their knowledge of its basic principles up to date. 

AndrA Weil 

University of Chicago 

Introduction to applied matbamatiea. Francis D. Murna- 

ghan. New York: John Wiloy; London: Clmpman & 

Hall, 1048. l'p. ix + 3R9, $5.00. 

This is a timo when applied mathematics is being cul¬ 
tivated very vigorously. Problems of gas dynamics, 
elasticity, atomic physics, and nonlinear mechanics, to 
name but a few fields, require the most powerful and 
advanced tools available to tile mathematician, physicist, 
or engineer. Coincidentally, there is a need for books 
which will present in a clour, connected, and roasonably 
complete fashion the known facts about eigenvalue prob¬ 
lems, partial differential equations, integral equations, 
calculus of variations, etc. Prof. Mumaghan, who has 
done outstanding work in applied mathematics, has drawn 
on his twenty years' experience in presenting such ma¬ 
terial to graduate students and has written a good and 
helpful introduction to the field. 

The first two chapters are devoted to vectors and ma¬ 
trices. The treatment is vigorous and proceeds from 
the special to the general, a plan followed wherever pos¬ 
sible throughout the book. Included are n-dimensional 
complex space and an introduction to the eigenvalue prob¬ 
lem. Chapter 3, one of the most Important, carries the 
discussion into function space; here the student will find 
orthonormal sots of functions, generalized Fourier expan¬ 
sions, and linear integral operators. Chapters 4 and 5 
discuss curvilinear coordinates and Laplace's equation. 
Considerable attention is paid in tho latter chapter to the 
useful 1 'method of images.'' Chapter 0 discusses sepa¬ 
ration of variables for partial differential equations, 
power-series methods for ordinary differential .equations, 
and special functions. In Chapter 7, the student will 
find self-adjoint linear differential operators, boundary 
conditions of various types, and a very complete dis¬ 
cussion of Green's functions—including the central 
theorem concerning the equivalence of linear second-order 
boundary-value problems and Fredholm integral equa¬ 
tions. Chapter 8 gives the theory of Fredholm integral 
equations and concludes with a careful discussion of 
Rayleigh's principle. Chapter 9 discusses the calculus of 
variations, with applications to dynamics. The last chap¬ 
ter is devoted to operational calculus, based on tho uni¬ 
lateral Laplace transformation. The dismission is re¬ 
stricted to ordinary differential equations of general order 
and systems of Buch, but these are treated completely. 

Altogether, the reviewer considers this a good though 
demanding introduction to applied mathematics. The 
word introduction is to be emphasized; in its 889 pages, 
the author has been forced to omit mention of several 
important topics, notably Initial value problems, How¬ 
ever, there are good discussions elsewhere of most of the 
omitted questions—while of the topics included, there are 
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several for which no careful treatment at the beginning 
graduate level has been available previously. The ty¬ 
pography is excellent (boldface and italics are used 
freely), and there are numerous exercises, many of which 
serve to amplify and extend the text. All through the 
book there are informal notes, cautions, and pointed 
queries, which serve the double purpose of easing the 
sometimes heavy going and of keeping the reader alert. 

A. Wkinbtkin 

V . S. Naval Ordnance Laboratory 

Functional analysis and semi-groupi. Einar Hille. 
(American Mathematical Society Colloquium Publics 
tions, Vol. XXXI.) New York: American Mathe 
mntical Boc., 3948. Pp. xi 4 - 628. $7.60. 

A semigroup is an associative (but not necessarily com¬ 
mutative) multiplicative system. It is more general than 
a group because neither the existence of the unit element 
(and a fortiori of the Inverse element) nor the rule of 
cancellation (rule of division) is assumed. This book is 
devoted to the study of such systems and their representa 
lion by linear operators in n Hilbert or a llarutch space 
(for example, a one-parameter semigroup of operators 
Tt , t > 0, which satisfy T H Tt = T M .i for any positive a 
and t). 

Investigation of semigroups and their representations 
is not only interesting as a mathematical theory by it¬ 
self (Laplace transforms and binomial series, Fourier 
series and integrals, summability and Tauberian theorems, 
operator calculus and spectral theory), but it is also im¬ 
portant in view of its application to probability and 
statistical mechanics where the notion of irreversibility 
and tendency toward equilibrium coidsb into question 
(ergodic theory, Markoff processes, stochastic processes, 
diffusion problem, conduction of heat, and related partial 
differential equations). 

The book consists of three parts and an appendix. The 
first part, which is a preparation for the rest of the 
book, is itself h self-contained, up-to-date introduction to 
tlie theory of functional spaces. Fart II develops an 
analytical theory of general semigroups and their rep¬ 
resentations, which is applied in Part III to special cqbob 
to obtain important results concerning groups and their 
representations in a unified way. The book also contains 
many interesting results of the author which have not 


been published elsewhere. 

The appendix is an exposition of the theory of Banach 
algebras (normed rings), a field which promises to be¬ 
come one of the main centers of mathematical interest. 
Here the stress 1 b shifted to the algebraical aspects of 
the problem, while in the main body of the book emphasis 
is always placed on the analysis. Readers who have wit¬ 
nessed the achievements of topological and operational 
methods In functional analysis (differential and integral 
equations, theory of Hilbert and Banach Bpaces) will 
find the recent success of the algebraic method (as in 
the case of Tauborian theorems) very interesting. Pro¬ 
fessor Hille’s book constitutes on important addition to 
mathematical literature, coming as it does at a moment 
when systematic rearrangement and cloar exposition of 
the various results of this already large and ever-growing 
subject seem to be necessary for the purpose of stimulat¬ 
ing further progress in research. 

8nizuo Kakutani 

Tvatitute for Advanced Study 

Theory of equation*. .1. V. Uspensky. New York-Lou- 
don ; McGraw-Hill, 1948. Pp. vii + 363. $4.50. 

The late Prof. Uspensky's new volume will be welcomed 
by all who teach or use the theory of equations. It is 
considerably longer than the well-known texts of Profs. 
Dickson, Weisner, and J. M. Thomas, and presents a 
wealth of ideas in easily available form. 

The discussion of the numerical solution of real poly¬ 
nomial equations is masterly, and includes valuable ap¬ 
pendices on Routh’s rule, iterative methods, Graeffe's 
method, and a new method for separating roots (Vin¬ 
cents method). This discussion will make the book a 
valuable text and reference book for engineers. 

On the other hand, no flavor of the modern abstract 
point of view is given: thus ** fields" of complex numbers 
are nowhere defined, and matrices are trented after de¬ 
terminants. Moreover, the classical prescription offered 
for solving simultaneous linear equations by CTameT’B 
Rule (determinants), however elegant theoretically, is 
notoriously ineffective. For these reasons, many teachorB 
will wish to use the book not as a basic text but as a 
supplementary text or reference. It should be nearly 
indispensable for that purpose. 

Gareett Birkhofp 

Harvard University 
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Association Affairs 


The Southwestern Division of the AAAS will hold its 
20th meeting in Alpine, Texas on May 1-6, under the 
presidency of R. A. Studhalter, of the Department of 
Biology of the Texas Technological College. Host insti¬ 
tutions are the Sul Ross State Teachers College and the 
McDonald Observatory on Mt. Locke near Ft, Davis. 
Alpine r u frontier town of 6,000 populntion, is the home 
of Sul Ross State College. It la located on the Southern 
Pacific and Santa Fe Railroads at an altitude of approxi¬ 
mately 4,500 feet. Highway 90 leads through Alpine 
from San Antonio to El Paso; highway 118 joins Alpine 
and Ft. Davis. The general area Ls that of the cattle 
kingdom of Texas. 

McDonald Observatory, a brunch of the Yerkea Ob¬ 
servatory, is operated jointly by the University of Chi¬ 
cago and the University of Texas. It in located 15 miles 
northwest of Ft. Davis on a paved highway. Ft. Davis 
was established as a frontier outpost prior to the Civil 
War, and was abandoned as a military post whan the 
Davis Mountain area no longer held a threat of Indian 
attack. Ruins of the old fort, some now in process of 
reconstruction, are of considerable Interest. 

Ojinaga, Mexico, just across the Rio Grande from 
Presidio, Texas, will be the destination of an excursion 
on Tuesday Afternoon and evening. Ojinaga is a typical 
Mexican town and entirely representative of the rural 
areas of Old Mexico. 

The annual Powell Lecture is to lie delivered by John 
Charles Kelley, assistant professor and curator of an 
thropology at the University of Texas Museum. He is 
regarded os an authority on the archaeology of the Texas 
Indians. The general program will be enriched by the 
participation of a number of Mexican and Texan organi¬ 
sations, including the Sociedad Chihunhuense de Estudios 
Hlstdricos, the Texas Academy of Science, the Texas 
Archaeological and Paleontological Society, and the West 
Texas Historical and Scientific Society. 

The lection meetings will close on Wednesday and there 
will be an all-day excursion to the Big Bend National 
Park on Thursday. The local group, under the chair¬ 
manship of G. Preston Smith, dean of the Sul Ross State 
College, has spared no effort to make the meeting a great 
success. It ls hoped that the attendance will be large, in 
order to assure the local host institutions that their efforts 
have not been wasted. 

Frank E. E. Germann 
General Program 

Sunday, May 1, 1949, 3: 00 p.m.: Meeting of the ex¬ 
ecutive committee, Southwest Division, Boom 217, Main 
Building, Sul Boss College. 8:00 p.m.; Open House, 
McDonald Observatory. 

Monday, May 3, 194$, S: 30-9: 46 a.m.: Registration, 
Idbmry Building, Bui Bom Collage. Registration con¬ 


tinues through Wednesday. 10: 00-13: 00 a.m. : General 
Session, Sul Ross Auditorium. Music—Glenn Davis, bead 
of the Music Department, Sul Rosa State College, direct¬ 
ing. Address of welcome—R. M. Hawkins, president, Sul 
Robs State College. Response—R. A. Studhalter, presi¬ 
dent of Southwestern Division. Address—(^prard P. 
Kuiper, director of Yerkos and McDonald Observatories. 
1: 30-3:30 p.m.: Section meetings. 3: 46-5: 00 p.m.: 
‘‘Ten Years of Astronomical Observation at McDonald 
Observatory, 11 Gerard P. Kuiper, Sul Ross Auditorium. 
5:00-6:00 p.m.: Open House, Museum of West Texas 
Historical and Scientific Society. 8: 00 p.m.\ John Wes¬ 
ley Powell Lecture, John Charles Kelley, assistant pro¬ 
fessor of anthropology and curator of the Anthropology 
Museum, University of Texas, Auditorium, Sul Rohb Col¬ 
lege. (The public is cordially invited.) 

Tuesday, May 3, 1949. 7:30 a.m.t Breakfast, Sigma 

Xi. Place to be announced. 8:30—10: 00 a.m-: Section 
meetings. 10:00—13:00 fl.m.; Report from McDonald 
Observatory, Sul Ross Auditorium. 1:00 p.m.: Lunch¬ 
eon, complimenting visiting ladies, Indian Lodge. 1: 00- 
3:30 p.m. : Meeting of the Texas Archaeological and 
Paleontological Society, Col. M. L. Crimmins, U. S. Army, 
retired, presiding, at the Auditorium, Education Building. 
3: 30-10:30 p.m.: Tour to Ojinaga, Mexico, including 
dinner, Roof Garden, Rohana Hotel, Ojinaga. 

Wednesday , May 4, 1949. 7: 30 fl.m.: Breakfast, Phi 

Delta Kappa. Place to bo announced. 8: 30-11 : 00 
a.m Meeting of the Texas Academy of Sciemce, Sul Ross 
Auditorium. C. M. Pomerat, professor of cytology, Med 
ical Branch, University of Texas, Galveston, Texas, pre¬ 
siding. 11:10-13:00 a.m.: Address by President J. 
Brian Eby of the Academy, “Geophysics and Geology in 
Oil Exploration, 1J Sul Ross Auditorium, 1: 30—3: 00 
p.m.: Section meetings. 3 : 00—4 : 00 p.m.: Movie film 
(partly kodachrome) taken during World War II in 
Nigeria and the African Gold Coast of leper colonies, 
market places, disk-lip people of the interior, a boat trip 
on Lake Alo (part of old Lake Tchad), a boat trip oti 
the Volta River, etc. A 40-minute film preceded by a 
20-minute introduction. Albert R. Mead, University of 
Arisons, Tucson. Sul Ross Auditorium. 4:00-5:00 
p.m. : Business session and election of officers. Sul Ross 
Auditorium'. 6:00 p.m. : Open air barbecue, compliment¬ 
ing members of the Southwestern Division and cooper¬ 
ating organisations, Koksrnot Lodge. 8:00 p.m.: Ad¬ 
dress of R. A. Studhalter, retiring president, Sul Robb 
A uditorium. 

Thursday, May 6, 1949 . 8 : 00 am. ; All-day field trip 

to Big Bend Park, including St. Helena canyon. The 
noon meal will be served at the Park. 
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NEJVS 
and Notes 

Frederick W. Helmberger, Ohio 
State University faculty member 
since 1936, bos been appointed dean 
of the College of Arts and Sciences, 
effective 'April 15. Dr. Heimberger 
has served as acting dean since Oc¬ 
tober 1949, when Dean Harlan H. 
Hatcher was made vice president of 
the University. 

Leonard B. Johnston, manager of 
the Atomic Energy Commission’s 
Knolls Atomic Power Laboratory in 
Schenectady, New York, has been 
appointed manager of the AEO’s new 
national nuclear reactor testing sta¬ 
tion, to be built near Arco, Idaho. 
Until a successor is appointed at 
Schenectady, Mr. Johnston will act 
as manager of both the laboratory 
and the testing station. 

The Howard Crosby Warren 
Medal has been awarded to Walter 
R. Miles, professor of psychology, 
Yale University, by the Society for 
Experimental Psychology, in recogni¬ 
tion of his work on night vision dur¬ 
ing the war. 

W. T. Edmondson has resigned 
as lecturer oil biology at Harvard 
University to accept appointment as 
assistant professor of zoology at the 
University of Washington, Seattle, 
where he will take charge of the 
program in limnology and ecology. 

Alfonso Drsghetti, director of the 
Agriculture Experiment Station at 
Modena, Italy, has been appointed 
director of the Experiment Station 
for Sugar Beet Culture, at Rovigo, 
Italy. He succeeds Ottavio Mune- 
rati. 

George R. Herrmann, University 
of Texas, has been admitted to the 
Academia Nacional de Medicina of 
Venezuela. 

Sol Pinciu, member of the Board 
of Consultants on Sanitation and 
Food Problems of the U. S. Public 
Health Service, has left for Geneva, 
Switzerland, where he will set up a 


section on Environmental Sanitation 
for the World Health Organization. 

Lindsay S. Olive, professor of 
botany, Louisiana State University, 
has been appointed associate profes¬ 
sor of botany at Columbia University, 
where he will be in charge of gradu¬ 
ate instruction in mycology, begin¬ 
ning in September. 

Visitors to U. S. 

Hasib Kurtpinar, chief of the 

parasitology section of the Turkish 
Ministry of Agriculture, has been in 
this country foT more than two years, 
making a study of recent develop¬ 
ments in parasitology. He Is now a 
guest of the Beltsville (Maryland) 
laboratories of the Bureau of Ani¬ 
mal Industry's Zoological Division. 
Before sailing for Turkey in Septem¬ 
ber, Dr. Kurtpinar expects to visit 
tho Zoological Division's station at 
Albuquerque, New Mexico, the 
Bureau of Entomology and Plant 
Quarantine's station at Kerrville, 
Texas, and the Veterinary School of 
Colorado State College. 

Gunnar Thorson, of the Univer¬ 
sity of Copenhagen, has joined the 
staff of the University of Califor¬ 
nia's Scripps Institution of Ocean¬ 
ography ns a visiting professor of 
zoology. Ho plans to stay in this 
country three or four mouths to con¬ 
tinue his study of the larvae of 
marine animals. 

Gordon Brims Black Mclvor 
Sutherland, Cambridge University 
spectroecopist, has been named pro¬ 
fessor of physics at the University of 
Michigan. 

Grants and Awards 

The Columbia University Engi¬ 
neering School Alumni Association 
will present its 1949 Egleston 
Medal for distinguished engineering 
achievement to Harvey S. Mudd, 
president and managing director of 
Cyprus Mines Corporation. The 
award will be made April 28 at the 
Columbia University Club, New York 
City. 

The University of Wisconsin has 
received a gift of $10,300 from the 
Thomas E. Brittingham trust fund to 
initiate an intensive study of arthri¬ 


tis and rheumatism. D. M. Angevine 
and C» H. Altshuler, Department of 
Pathology; Harry Bauman, Depart¬ 
ment of Physical Medicine; and C. 
V. Seastone, Department of Micro¬ 
biology, will bo in charge of the 
research. 

Cornell University announces the 
following awards to members of its 
faculty: to Arthur A. Allen, the 
Burr Prize of the National Geo¬ 
graphic Society, for work done in 
ornithology; and to George Winter, 
the first MoisseifF Award of the 
American Society of Civil Engineers. 

The Rockefeller Foundation has 

awarded $25,000 to Princeton Uni¬ 
versity for basic research in psychol¬ 
ogy, to be conducted by Hadley 
Cantril, Department of Psychology, 
in collaboration with Adalbert Ames, 
Jr., Hanover Institute, Hanover, New 
Hampshire. 

Herman L. Kretschmer, president 
of the Institute of Medicine of Chi¬ 
cago, was recently awarded the Cross 
of the Chevalier of the Legion of 
Honor of France for his scientific 
achievements in the field of medicine 
and medical education. 

W. J. Dakin, formerly professor 
of zoology at the University of Syd¬ 
ney, was chosen Mueller Medallist 
at the 27th conference of the Aus¬ 
tralian and New Zealand Association 
for the Advancement of Science, re¬ 
cently held in Tasmania. 

The Canadian Council for Re¬ 
construction, through UneBco, has 
granted $15,000 to the Pasteur Insti¬ 
tute in Paris. The agency has also 
sent scientific equipment worth $00,- 
000 to university laboratories in 
Belgium, Austria, France, Norway, 
the Philippines, Greece, and Italy, 
and has offered free subscriptions to 
scientific journals to 92 universities. 

The American College of Physi¬ 
cians made the following awards at 
its annual convocation, held in New 
York City, March 30: The John 
Phillips Memorial Award, to Edwin 
B. Astwood, research professor of 
medicine, Tufts College Medical 
School, for achievement in internal 
medicine; The Alfred Stengel Me¬ 
morial Award, to James J. Waring, 
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professor of medicine, University of 
Colorado School of Medicine, for 
influence in the advancement of medi¬ 
cal education, practice, and research; 
The James D. Bruce Memorial 
Award, to Stanhope Bayne-Joues, 
president of the Joint Administra¬ 
tion Board of the New York Hospi- 
tal-Cornell Medical Center, for 
achievement in preventive medicine. 
The following doctors were made 
Masters of the American College of 
Physicians at the same meeting: 
James J. Waring; Elliott P. Joslin, 
clinical professor emeritus of medi¬ 
cine, Harvard Medical School; Jona¬ 
than C. Meakins, professor emeritus 
of Medicine, and dean emeritus of 
the medical faculty, McGill TJniver 
sity; and Virgil P. Sydenstricker, 
professor of medicine, University of 
Georgia School of Medicine. 

Fellowships 

Vassar College invites applications 
for the $1,500 Helen Gates Putnam 
Graduate Fellowship in Conserva¬ 
tion for 1949-50. Work mny be car¬ 
ried on in any field of plant science 
related to conservation, and will lead 
to an M.S. degree in plant science. 
Applications should be sent to Gladys 
E. Baker, Chairman, Plant Science 
Department, Vassar College, Pough 
keepsie, New York. 

The Arctic Institute of North 
America is offering a number of 
grants-in-aid for specific programs 
of scientific research in the North 
American Arctic and Subarctic dur¬ 
ing 1950. .Research must include 
field investigations in Alaska, north¬ 
ern Canada, Labrador, Newfound¬ 
land, or Greenland. Application 
forms may be obtained by writ¬ 
ing to The Arctic Institute of North 
America, 3485 University Street, 
Montreal, Canada or Audubon Ter¬ 
race, Broadway and 156 th Street, 
New York City 32. Applications 
must be in by November 1. 

The American Cancer Society an¬ 
nounces the availability of the Da¬ 
mon Runyon Clinical Research 
Fellowships which it administers 
upon recommendation of t^e NBC. 
Open to men and women with the 
M.D. degree, the fellowships will, in 
most cases, provide a period of train¬ 
ing in a hospital under the guidance 


of a qualified clinical investigator 
but may also be awarded for train¬ 
ing in a basic science provided that 
such training is directed toward pre¬ 
paring the fellow for clinical cancer 
research. The annual stipend may 
vary from $2,500 to $6,000; in most 
instances it will not exceed $4,000. 
Applications may bo submitted at 
any time and should be addressed to 
the Executive Secretary, Committee 
on Growth, National Research Coun¬ 
cil, 2101 Constitution Avenue, Wash¬ 
ington 25, D. C. 

Colleges and Universities 

The Medical School of the Uni¬ 
versity of Chile, Santiago, which was 
destroyed by fire last December, ap 
peals to American scientists to send 
reprints and books on cytology, 
genetics, and experimental cancer to 
Dt. Gabriel GaBic, Cos ill a 2988, Son 
tiago, Chile. 

Northwestern University's Medi¬ 
cal School has established a radio¬ 
isotope unit, equipped by a grant 
from the Atomic Energy Commission 
through the Office of Naval Research, 
for instruction, research, and ther¬ 
apy. Howard L. Alt, associate pro 
fessor of medicine, is chairman of 
the unit. 

Harvard University plans to es¬ 
tablish a Laboratory of Human De¬ 
velopment for the study of children’s 
behavior. Robert Sears, professor of 
education and child psychology, has 
been appointed director and he will 
be assisted by John W. M. Whiting 
and Pauline 5. Sears. Ab a prelimi¬ 
nary step toward helping schools to 
understand their pupils, the labora¬ 
tory will first study the early child¬ 
hood origins of social motives—the 
drives to dependency, aggression, and 
competition that set the patterns of 
living. 

Meetings and Elections 

The Cancer Teaching Program of 
the University of Utah College of 
Medicine, and the Bureau of Cancer 
Control of the State Department of 
Health, will present the Second An¬ 
nual Cancer Sympoaium April 25- 
27. Guest speakers will include: 
George T. Pack, clinical professor of 
Surgery, New York Medical College; 


Charles E. McLennan, professor and 
head of the Department of Obstetrics 
and Gynecology, Stanford University 
College of Medicine; Henry S. Kap¬ 
lan, professor and head of the De¬ 
partment of Radiology, Stanford 
University College of Medicine; Ru 
Ion W. Rawson, chief, Department of 
Clinical Investigation, Sloan-Ketter 
ing Institute of Cancer Research and 
associate professor of Medicine, Cor¬ 
nell University Medical College; 
and Howard L. Richardson, assistant 
professor of Pathology, University of 
Oregon Medical School. 

The West Virginia Academy of 
Science will hold its 24th annual 
meeting at DaviB and Elkins College^ 
Elkins, WeHt Virginia, April 20-30. 
Nolle Ammons, of West Virginia Uni¬ 
versity, will give the presidential ad¬ 
dress, on “The Responsibility of nn- 
Academy of Science . 11 Laurence H. 
Snyder, dean of the Graduate School,. 
University of Oklahoma, will apenk 
on 11 Heredity and 'Modem Life. 1 ’ 

The American Mathematical So¬ 
ciety will hold its 447th meeting at 
the University of Kansas, in Law¬ 
rence, April 29-30. E. J. Mickle, 
Ohio State University, will speak on 
"Some Properties of the Lebesgue 
Area,” and R. M. Thrall, University 
of Michigan, on “Classes of Alge¬ 
bras with Radical. “ A. 8. House 
holder. Oak Ridge National Labora¬ 
tory, will address a joint session of 
the AMS and the Biometric Society 
on “Diffusion of Isotopes in Bio¬ 
logical Systems of Several Compart- 
ments," John Wisliart, of Cam¬ 
bridge University and the Univer¬ 
sity of North Carolina, on 14 The 
Elementary Testa of Significance,' r 
and J. W. Tukey, Princeton Univer¬ 
sity, on “The Consultant and the 
Biologist. ’ ’ 

The Kentucky Academy of 
Science will hold its annual meeting 
at Cumberland Falls State Park, 
Kentucky, April 29-30. The meet¬ 
ing will include a symposium antf 
field trip on stream life. 

The IUinoie State Academy of 
Science will meet May 6-7 at Knox 
College, Galesburg. The theme of 
the program is “Science Educa¬ 
tion. ’ 1 Willard B* Spalding, dean of 
the College of Education, University 
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of Illinois, ud C. W. Sanford, direc¬ 
tor of the Illinois Secondary School 
Curriculum program will apeak at 
general sessions. There will be an 
oducation panel discussion in the 
Psychology and Education Section. 
R. F. Patou, president of the Acad¬ 
emy, will speak at the general session 
on * 1 Available Energy. 1 ' 

Seventy women engineering stu¬ 
dents from eastern colleges met re¬ 
cently at Drexel Institute of Tech¬ 
nology in Philadelphia to form s 
Society of Women Engineen. 
Phyllis Evans, a junior at Drgxel, 
was elected president; Margaret 
Bliss, Tufts, vice president; and 
Joyce Killian, Alfred University, 
treasurer. 

The Second National Conference 
of the U. S. National Commission 
for Uneaco was held at Cleveland, 
Ohio March 31-April 2, following a 
two-day meeting of the Commission. 

Registration was about 3,000 and 
attendance at the public meeting on 
the evening of April 1 exceeded 
9,000. Although It was designated 
ft national conference, 28 foreigD 
countries were represented. Jaime 
Torres Bodet, Director General of 
Unesco, gave one of the principal ad 
dresses, and Milton S. Eisenhower, 
Chairman of the U- S. National Com 
mission, presided at the general ses¬ 
sions. Speakers included Sir John 
Maud, Permanent Secretary, Minis 
try of Education, United Kingdom; 
Sir Ramaswami Mudalinr, Prime 
Minister of Mysore, India; George V. 
Allen, Assistant Secretary of State 
for Public Affairs; and Mrs, Frank¬ 
lin D. Roosevelt, who discussed the 
development of the Universal Decla¬ 
ration of Human Rights. 

Representatives at the conference 
were from educational organisations 
ranging from kindergartens to pro¬ 
fessional schools and learned so¬ 
cieties; from general organisations, 
such as churches, the Farm Bureau, 
and the T. M. C. A.; from business 
organisations, including chambers of 
commerce, and motion picture, pub¬ 
lishing, and broadcasting firms; and 
from government, principally the De¬ 
partment of State. Tlie conference 
program provided for such diverse 
backgrounds by offering simultane¬ 
ous group and section meetings alter¬ 


nately with the general plenary ses¬ 
sions. 

An excellent exhibit of Unesco ac¬ 
tivities had been prepared and re¬ 
lated motion pictures were shown 
doily. Three 40-page editions of a 
conference Journal, presenting di¬ 
gests of the principal addresses, sum¬ 
maries of group meetings, and gen¬ 
eral news of the proceedings, gave 
representatives an opportunity to 
discuss with others in attendance the 
events of the conference. 

It is difficult to appraise the con¬ 
ference. The diverse interests of the 
participants and the necessarily in¬ 
tangible character of many of the 
addresses gave an impression of in 
defiuitoness. Perhaps this was de¬ 
sirable, as well as unavoidable, be¬ 
cause many representatives might 
have lost interest in more specific 
discussions. However, the general 
aims and accomplishments of Unesco 
were well presented, and delegates 
were given inspiration, to carry back 
to their own organizations and com¬ 
munities, toward the furtherance of 
international peace. 

Donald D. Pbentick 

Deaths 

Benjamin H. Grave, 71, embryolo¬ 
gist for many years, at the Marine 
Biological Laboratory, 'Woods Hole, 
Massachusetts, died January 24, fol¬ 
lowing a fall which fractured his hip. 

Mkx M. Peet, 63, head of the 
neurosurgery department of the Uni¬ 
versity of Michigan Bchool of Medi 
cine, died March 25 of a heart attack. 
Dr. Peet was internationally known 
for his development of an operation 
for removal of the splanchnic nerves 
to relieve high blood pressure. 

Friedrich Bergiui, 64, German 
chemist tfho won the 1931 Nobel 
Prize for developing a process to 
produce gasoline from coal, died 
March 30 in Buenos Aires. 

William B. Bell, 71, retired chief 
of the Wildlife Research Division of 
the Fish and Wildlife Service, in 
which he served for 28 years, died 
March 81 at his home in Washington, 
D, C. 

Augustus Daniel Imras, 68, Brit¬ 
ish entomologist, died April 3, at bis 
home near Bidmouth, Devon. Dr. 


Lomu was reader in entomology at 
Cambridge University from 1931 un¬ 
til hit retirement in 1946, and during 
that period was president of the 
Royal Entomological Society of Lon¬ 
don and the Association of Eco¬ 
nomic Biologists. 


A handbook of biological and 
medical data is being planned by 
tho American Institute of Biolog¬ 
ical Sdances, with support from the 
Aero Medical Laboratory, Air Mate¬ 
riel Command, and the Bchool of 
Aviation Medicine, Randolph Air 
Force Base. It will present, in the 
condensed form used by handbooks 
of chemistry and physics, data from 
many fields of fundnmental and ap¬ 
plied biology. The project will be 
a continuing one, with revised and 
enlarged editions following the ini¬ 
tial volume at regular intervals. A1J 
interested biologists are urged to 
send suggestions on what material 
should be included nnd where it 
can be found to: American Insti¬ 
tute of Biological Sciences, 2WJ 
Constitution Avenue, Washington 
25, D. C. 

The new Aerobiology Depart¬ 
ment at the Randolph Field School 
of Aviation Medicine, under the di¬ 
rection of Roland B. Mitchell, la 
studying the effects of varying en¬ 
vironmental factors on infection and 
immunity. Specifically, the problem 
is to determine what a given infec¬ 
tion, particularly a pulmonary infec¬ 
tion, will do to its victim under con¬ 
ditions of rapid change from ground 
level to extremely high altitude. A 
preliminary report states that "on 
experimental pneumococcal, it ap¬ 
peared that animals given a certain 
dose and then placed at altitudes of 
20,000 feet seemed to develop a more. 
rapid and lethal pneumonia than 
animals given the aame dose but 
maintained at ground level." 

Make Plans for— 

American Geophysical Uniam 
24th regional meeting in conjunction 
with the Western Snow Conference, 
April 26^-27, Denver, Colorado. 

Midwestern Psychological Asso¬ 
ciation, April 29-80, Drake Hotel, 
Chicago. 
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The National Academy of Sciences: 

Abstracts of Papers Presented at the 1949 Annual Meeting 


The Future of the Quantum Mechanical 
Theory of Chemical Binding 

llabart S. Mulliktn, University of Chicago 

Not long after its inception in 1925-6, quantum me¬ 
chanics gave the first real qualitative and roughly quanti¬ 
tative explanation of the formation of molecules of the 
covalent type. In the period 1027-65 many of the most 
able theoretical physicists and chemical physicists ex¬ 
plored the possibilities of a really accurate quantitative 
understanding of molecular forces and energies by the 
use of quantum mechanics. While the reliability of this 
theory as a basis for handling such problems was estab¬ 
lished without question, its practical application for ac¬ 
curate computations was found to be besot with mathe¬ 
matical complexities. As a result of this situation and 
of the wartime focusing of offorts on problems of nuclear 
energy and nuclear structure, the further development of 
this Important and potentially vary rich field has been 
grossly neglected, especially in this country. But in spite 
of the discouragements hitherto encountered in attempts 
at quantitative accuracy, the writer is optimistic as to 
the future possibilities for at least moderate success in 
this field; though probably only by a more patient, more 
systematic, and more comprehensive program of study 
than that of the pioneers. Some results which may be a 
step in the direction of such a program were outlined at 
the meeting. 

Detection and Measurement of the Size of 
Aerosol Particles in the Range below 
Tyndall Beam Detection 

Victor K. LaMar, Irwin B. Wilson, and Edward C. Y. Inn* 
Columbia University 

The intensity of the light scattered by a small aerosol 
particle decreases as the inverse sixth power of the 
radius. Accordingly, the practical lower limit of detec¬ 
tion is about 0,03 p and of measurement by direct optical 
means is about 0.1 p. Aerosols of amollor (uniform) size 
an prepored by heating 09% H,SO, in the LaMcr-Sln- 
elair homogeneous generator. No Tyndall beam can be 
detected. The particles are then grown by a factor of 
2- to 10-fold in radius, corresponding to B- to 1000-fold in 
volume, or 64- to HP-fold In light scattering pzwer, by 
passage over a solution of HJ90 4 of known water content. 
Aqneous tension equilibrium is established promptly and 
the particle grows to a sine fixed by the H I SO,-H l O com¬ 
position of the master solution. 

■ Navy contract ONR-271-10 


The number and radii of the grown particles are then 
determined by the rapid optical methods described previ¬ 
ously (see J. Colloid Sci.); the size of the original non- 
detectoble particles is then easily calculable from the 
known absorption of water vapor. 

Composition of Meteoritic Matter, Nuclear Shell 
Structure, and the Principle of Regularity 
and Continuity of Series 

William D. Harkiai, University of Chicago 

In 1017 the following principle was introduced into 
nuclear science (W. D. Harkins, J. Am. chem. 8oo. 39, 
B5G) : Lhe abundance of elements (nuclear species also— 
1021) is determined by their nuclear relations. Among 
these, nuclear stability is fundamentally important. How¬ 
ever, since in most nuclear reactions (aside from flsaion) 
ut energies less than 50-100 Mcv only neighboring atomic 
species are involved, the origin of nuclei and their growth 
by nuclear reactions determine what nuclei are formed. 

It was assumed that the very lightest atoms arc 
formed from hydrogen (protons) but heavier atoms from 
neutrons. The first important relation to be discovered 
wns predicted by a theory of the writer: in the meteorites 
elements of even atomic or proton number are much more 
abundant than those of odd number, and also each even 
element Is more abundant than either of the two adjacent 
odd elements. 

An even more striking fact is that very few atoms are 
stable if N is odd, and none with both N and P odd, 
unless N = P- 

TABLE 1 

Abundance in atomic 


Claw perenta,,. 


(N = neutrons ; P = protons) 

Earth's 

crust 

Meteorites 

Class I N—even l J —even 

87.4 

05-4 

Class 11 N—even 1* —odd 

10.8 

2.1 

Class III N—odd P even 

1.8 

2.D 

Class IVn N—odd > P— odd 

0,0 

0.0 

b N—odd = P—odd 

(Heavy hydrogen, LI", und N 14 )* 


* Nitrogen, N*» (7 neutrons, 7 protons) Is the only species 
or CIunn IV which Is abundant (In tbe stars). 


The isotopic number / = AT-P. If the species of even 
mass (Af = P + N) are plotted as a function of P and 1 
for meteorites, planets and stars, tho species of oven mass 
fall into continuous series, except for five blanks, with 
every odd P missing, but (1) each of these live undis- 
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covered species occurs adjacent to the end of a shell, 
where the abundance la high. 

In the series of odd mass th^re are only seven undis¬ 
covered species, but (2) each of these is "forbidden" 
by the principle that both of two adjacent isobars ore 
not stable unless the difference in nuclear spins is very 
large. 

At present 107 stable atomic species of even and 10S 
of odd mass, or £75 in nil, are known. The principle of 
continuity alone indicates live additional spocios of even 
and eight of odd mass, but in oach of these 13 cases either 
relation 1 or 2 above indientos a probable instability. 
Thus It is not improbable that all of the stable species 
are now known. 

Stars with Atmospheres of Glowing Hydrogen 

P»ul W. Morrill 

Moumt Wiltem and Pa/onar Obiervatoriei 

Stars whose outermost strata are unusually active offer 
special inducements to astrophysicul research. The first 
problem Is to find them. The classical method has boen 
to search for stars that vary in brightness. But this 
method does not cover the whole field because rapid 
motions and other interesting phenomena occur in certain 
stars that exhibit no appreciable variations in brightness. 
This is particularly true of hot stars with extensive at¬ 
mospheres containing glowing hydrogen. These atmos¬ 
pheres cannot be seen or photographed directly but may 
be detected by the bright hydrogen lines they add to the 
stellar spectrum. 

The Mount Wilson search for bright-line objocts, be¬ 
gun in 1919, combined the advantages of objective-prism 
photography with the use of the red Ha line, the strong¬ 
est accessible line of hydrogen. Of the 1000 bright-line 
B-type stars now known about 800 have been discovered 
in the Mount Wilson survey. A numbor of these are of 
interest because of phenonginnlly rapid atmospheric mo¬ 
tions. In DM—27° 11944 on outflow of gas at the rate of 
300 km/soc has continued since 1021. In 48 Librae a 
mighty atmoqiheric oscillation began in 1034; it has a 
period of about nine years with heavy damping. In the 
shell star HD 103182, 40 hydrogen lines have been photo¬ 
graphed in the Bahner series. 

Two important related investigations have grown out 
of this program. One is the discovery by B. Minkowski 
of 200 planetary nebulae; the other, the discovery by 
A. H, Joy of 40 T Tauri stars near the edges of dark 
galactic clouds. 

Some Problems of the Evolution of Stars 

Otto Scruva, YirAii Observatory 

Shapley has shown that the W Ursae Majoris eclipsing 
binaries are more numerous that all other eclipsing vari¬ 
ables taken together. These strange systems consist of 
two late-type stare, almost in contact, of about one solar 


mass a nd nrro h a lf n nl n r ~ n T" /-T*p** f4,f * l yj both slightly 
amallor than the sun. They sre s u rro und ed by e-common 
gaseous envelope which is unsymmetrical In thickness-and 
other physical properties, suggesting that the binary is not 
a stable formation but that it may develop either in the 
direction of forming ultimately a singlo star or of sepa¬ 
rating Into a wider pair. Each binary system carries 
with it a large amount of angular momentum. Yot there 
are not now known any single stars with the required 
angular momentum which could be regarded as the parent 
stars or as the descendant stars of these binaries. They 
may have originated from early-type binaries of the kind 
of 0 Lyrao or U Gephei through prominence action in 
their advancing hemispheres, resulting in the production 
of gaseous streams. These streams not only enrry off 
mass at a rate of not less than 10~" x sun's mass per year 
but they also carry off nngulQr momentum in a manner 
thnt is not altogether different from the mechanism sug¬ 
gested in 1947 by v. Weissaecker. If this process of evo¬ 
lution should continue then the common gaseous envelope 
of a W Ursae Majoris system may be identified with the 
v. AVcizsaeoker nebula giving rise to the beginning of a 
planetary system and thus the slow rotation of tbe result 
ing single stars can be explained. 

Values as a Subject of Natural Science Inquiry 

A. L. Kroebtr, Columbia Uni vanity 

"Human values" are defined as human products form¬ 
ing pnrt of human culture and hence as fully natural 
phenomena, subject to study by the methods of natural 
science. Any extranatural or supernatural properties 
sometimes ascribed to values may therefore be Ignored. 
Do facto f anthropologists and others have actually ofton 
dealt with value from a genuinely scientific attitude, 
though not alwnys aware of the fact. The importance 
of values is in their organization and integration of cul¬ 
ture. This function is more readily discerned'than the 
specific causes which produce values. 

Forecasting Features of Washington Weather 

C. G. Abbot, Smithsonian Institution 

Author publishes annually "proferred" dates for pre- 
el pitntion at Washington based on the rotation period of 
the sun. For 15 conseeutiro years the average daily pre¬ 
cipitation on "preferred" dates has been above that for 
all others. The 16-yeor average ratio is 1.46, the expected 
ratio 1.42. 

In January 1048 author deposited a sealed list of 55 
dates in 1948 wliich lie predicted would be near dates of 
minimum temperature at Washington. He predicted that 
between these poire of dates would lie others averaging 
for the year 7.1* F higher. The director of the Astro- 
physical Observatory opened the package January 19, 
1049, and certifies that on 4fl out of 55 cases wanner 
days did thus intervene. Their average excess was 5.96*, 
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at against 7.1" predicted. The prediction is based on a 
6.64$6-day regular period in solar variation. Author 
claims this solar influence nearly completely accounts for 
the short interval fluctuation of temperature in weather. 
He believes similar predictions would succeed anywhere. 

Structure and Dynamics of the Thunderstorm 

Horace R. Byari, University of Chicago 

From the extensive and detailed data obtained by the 
Thunderstorm Project In. Florida and jQhio r -a^modal of a 
thunderstorm has been established. There are several 
more or loss independent convective syslms of M cells' 1 
which moke.up the thunderstorm. Each call goes through 
a life cycle represented by three fairly distinct stages— 
the cumulus stupe, the mature stage, and the dissipating 
stage. 

In the cumulus stage the cell is formed from an updraft 
of air which, as in the other stages, ‘'entrains" air from 
the environment. In this stage no rain has yet reached 
the ground. In the mature stage, rain is occurring and 
a large part of the cell consists of a downdraft which 
coincides with the rain aroa. The updT&ft continues in 
a portion of the cell. In the dissipating stage downward 
motion predominates. 

In a study of the thermodynamics involved in these cir¬ 
culations it is shown that the entrainment of environ¬ 
ment air into the colls has important effects. The sig¬ 
nificance of falling rain in starting the downdraft is 
shown. The downdraft consists of cold air that reaches 
the ground and spreads out over the surface of the earth, 
producing marked changes in the wind, temperature, and 
pressure. The thunderstorm derives energy from the 
downdraft as well as from the updraft. 

The Panama Land Bridge 

W. P. Wood ring. 17. S. Geological Survey 

The Panama land bridge is more fantastic in outline 
than many land bridges that have foundations no more 
secure than tho imagination of paleogeogrirphers and 
zoogeogrnpliors. Inasmuch as It still is a bridge in being 
and ample evidence indicates tliQt it has been In con¬ 
tinuous operation sinco late Tertiary time, its record may 
serve as a tost for tho performance of hypothetical 
bridges. Unlike many hypothetical bridges, it was not 
narrowly selective to potential users—Indeed, it was less 
selective than it now Is—and it accommodated two-way 
traffic, as every genuine bridge should, although the south¬ 
bound lane was more crowded than the northbound. Ac¬ 
cording to vertebrate paleontologists familiar with the 
Tertiary land mammals of North and South America, the 
Panama bridge was completed and open to traffic imme¬ 
diately after the end of middle Pliocene time, about S 
million years ago. The first North American migrants, 
however, reached South America In the late Miocene or 
early PUoeene, and the earliest South American Invaders 


reached North America in the middle Pliocene. These 
first arrivals in both continents were small animals and 
presumably reached their destination by using still sepa¬ 
rated spans and completed piers as stepping stones. 

A land bridge is also a sea barrier, and erection of the 
Panama bridge evidently had a profound effect on marine 
animals in the Caribbean Sea. Sweeping extinction of 
scores of genera, which may be designated p&clphiles, as 
they are still living in the Pacific Ocean and probably 
had their origin there, took place in the Caribbean Sea 
during and immediately following early Pliocene time. 
On the contrary, very few caribphiles became extinet in 
the eastern Pacific Ocean, possibly because the ancestml 
eastern Pacific Ocean wan a much larger body of water 
than the ancestral Caribbean Sea, and therefore was not 
so greatly affected by disruption of long-established cir¬ 
culation of ocean wntor masses through Central American 
seaways. 

The Principles of Generalized Harmonic 
Analysis Applied to Ocean Wave Data 

H. R. Seiwoll, Wood i Hole Oceanographic hutituiton 
(Introduced by John A. Fleming) 

A fundamental problem of sea surface wave research 
is the reduction of the wave patterns (variations of wave 
hoight with time) to their basic physical characteristics. 

The periodogram analyses of ocean wave records have 
resulted in claims of bewildering combinations of fre 
quoncies making up single patterns. It Is suggested that 
usual methods of periodogram analyses are inadequate 
for this purpose in that they do not reveal the physical 
characteristics of the situation. 

Consideration of the relationship between the wave 
spectrum and its autocorrelation function, from the 
viewpoint of generalized harmonic analysis, provides a 
more realistic and simplified approach to the evaluation 
of ocean wave data. This method, new to oceanographic 
analyses, describes tho physical properties of the data, 
and may be employed in discovering tbeir physical causoB. 
The autocorrelation function gives all the information 
that can be obtained from an ordinary periodogram anal¬ 
ysis and such additional information as obtained by the 
power of all frequencies considered continuously. 

Analyses of more than 30 ocean wave records scattered 
over the North Atlantic have revealed that in every case 
the wave pattern was reduced to a cyclical component on 
which were superimposed damped oscillatory and random 
components!/ Periods and amplitudes are readily com¬ 
puted which, together with varying relationships between 
the components, characterize the physical properties of 
the wave patterns. 

The geophysical interpretation of results is that in sen 
surface roughness patterns tbe cyclical component is pre¬ 
dicts ble, and appears to be generated by the Influence of 
a dominating oceanic meteorological situation over the 
ocean. The oscillatory and random components result 
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from the effects of local winds and other local disturb¬ 
ances tending to change basic ocean wave pattern. 

Earthquakes and Rock Creep 

Hugo Benloff, Seismological Laboratory, 

California Institute of Technology 
(Introduced by B«no Gutenberg ) 

A method, based upon tbe modified instrumental mag¬ 
nitude scale of Gutenberg and Richter, is developed for 
determining tlic clastic rebound strain increments asso 
elated with earthquakes of a particular fault system. It 
is shown that a graph of the accumulated increments 
plotted against time for a given sequence of aftershocks 
or earthquakes represents the creep behavior of the fault 
rock, 

Application of this method to the study of a number 
of aftershock sequences indicates thnt aftershocks are pro¬ 
duced by tho clastic nfterwoTking or creep recovery of 
the stmined fault rock. In some sequences the recovery 
assumes a dual form in which the first phase represents 
comprcssional aftenvorking and the second phase shear 
aftcrworklng. Applied to earthquake sequences, the 
method provides a new men ns of observing tectonic proc¬ 
esses iii action, Movements corresponding to constant 
flow, exponentially increasing flow, and strain hardening 
croup are observed in different sequences and at all seismic 
focal depths, Evidence is offered to show that the South 
Amcricnn and Tonga deep sequences represent single 
mechanical fault structures with linear dimensions of 
4500 km and 2500 km respectively, and that the oceanic 
deeps associated with those structures nre surface expres¬ 
sions of these great faults. 

Early Tertiary Ecotones in Western 
North America 

Ralph W. Chaney, University of California 

The fossil plant record gives little support for the idea 
thnt climates have been uniform across many degrees of 
latitude in past ages. Far from being cosmopolitan, the 
floras of the Tertiary period show marked zoning; in 
western North America there was temperate vegetation 
in Alaska during the early part of the period, and sub¬ 
tropical forests occupied middle latitudes as far north 
as Washington and Wyoming. Between these zones there 
developed ecotones containing some of the more hardy 
southern plants, and many trees typical of higher lati¬ 
tudes. The dominant conifer was Metasequoia, a decid¬ 
uous redwood once widely distributed over the northern 
hemisphere, and now known to live only in central China. 
The modem Metasequoia forest stands in ecotoaal rela¬ 
tionship to the subtropical forest of the lowlands in which 
broad-leafed overgreens predominate, and to the temper¬ 
ate forest of the uplands in which broad-leafed deciduous 
trees are most common. The survival of this mixed for¬ 


est, whose observed members include most of the genera 
associated with Metasequoia tens of millions of years ago, 
represents an outstanding case of continuity, and pro¬ 
vides an accurate basis for reconstructing Tertiary en¬ 
vironments over wide areas in Qges past. 

The Spherical Sections of a General Surface 

Edward Kauier, Columbia University 

Tho plane sections of a surface 8 form u triply infinite 
family of curves. The spherical sections form a quad 
ruply infinite family. When these curves are mapped on 
a plane, the differential equation is of tho fundamental 
type 

yim ^ + Bi/iM + C 

which occurs in many dynumical problems and in the 
calculus of variations. The infinity of curves passing 
through ii givcu point in u given direction hnve the prop¬ 
erty that the centers of the osculating conics themselves 
lie on a conic. The spherical curves of 8 may be re¬ 
garded as another analogue of circles (in contrast to the 
standard definitions of Gauss mid Minding). 

All fields of force whose trajectories arc plane curves 
wore found by Ilalphen. The analogous problem for 
spherical trajectories is solved in the present paper. 

Homotopy Groups of Certain Algebraic Systems 

Paul A. Smith, Columbia University 

Let I be a groupoid in which there is singled out » 
subset Z of elements satisfying certain conditions. We 
define cor tain groups Pn(T, Z) determined by T and Z. 
The groups p t and p 2 can be identified us first and second 
homotopy groups when the elements of F and Z are suit¬ 
ably interpreted. Other interpretations lead to new re¬ 
sults iu the theory of abstract local groups and their 
extensions. In this direction we are led for example to 
a new proof of the existence of Lie groups in the large. 

■ 

Production of Mesons by X-Rays 

Edwin M. McMillan and Jack M. Pate non 
University of California 

The first experimental program to be undertaken with 
the Berkeley synchrotron is a study of meson production, 
The emergent beam of 335-Mev X-rays passes through a 
stack of nuclear plates (Ilford F-3), or through a Blab of 
matter in the vicinity of such plates; then meson track! 
in the emulsion are sought by microscopic examination. 
The results prove conclusively that mesons are produced, 
and that they are not the result of secondary heavy par¬ 
ticles and most probably not the result of secondary elec¬ 
trons. A very rough estimate of the cross section for 
meson production by X-rays in glass is S x 10-w cm> per 
nucleon, Tbe number of quanta is hers defined oe the 
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total X-ray energy divided by the peak quantum energy. 
Since only mesons with energies below about 20 Mov will 
•top in the stack of plates and be counted, the actual 
croBn section may be considerably larger. 

Out of a total of 145 tracks recorded, 91 end in stars. 
Assuming that three quarters of all negative ji mesons 
produce stars, and that every positive n meson is accom¬ 
panied by a p, this leads to a ratio negative /[/positive 
x -10. The actuul n-p, decay is not always discernible on 
these rnlher insensitive plates; only five cases have been 
seen. The statistics given above include mesonH from 
both glass and enrhou, and in butli chbbs the cxcpbb of 
uegativos is apparent. 

This work was done under the auspices of the Atomic 
Energy Commission. 

Neutron-Proton Interaction 

A. A. Broyles and M. H. Hull 
Yale Unlvertity* 

(Introduced by Gregory Breit) 

The work of Rarita and Sshwinger, while successful in 
accounting for the experimental vnlue of the quadrupolo 
moment of the deuteron, reduces the central field part 
of the potential by roughly 30 percent and implies a 
thorough rovision of tlm nuclear binding energy calcu¬ 
lations of Wigner, Fcenberg, and others. In view of the 
probability from BroiL’s relativistic arguments that at 
least part of the tensor interaction does not have the 
same location in space as the central force, and the pos 
sibility noticed by Broit of obtaining closed solutiona by 
confining the tensor potential to an infinitely thin spheri¬ 
cal shell, the problem woh reinvestigated. It was found 
that the qundrupole moment can be accounted for by 
placing the shell beyond t^-7 e't/mc* from the centcT of 
force and that for r ( = 1.5 e*/mc'i the central field need 
be decreased by only about 2 percent. The triplet cross 
section at zero energy changes from 4.40 to 4.46 barns as 
r, changos from 1 to 1.5 while the central field 

square well range is r n = e*/mc* and from 3.05 to 3.62 
barns for r o = fl2/2 mo*. These effects are small and there 
remains the possibility of leaving the central field rela¬ 
tively unaffected by the addition of the tensor force. 
This work is related and Is in general agreement with 
that of Guindon but deals with more pronounced effects. 

Electromagnetic Induction in a Superconductor 

v. V. Ho us con and C. F. Squire, Tke Rkf Inttitute 

No completely satisfactory atomic theory of supercon¬ 
ductivity has been devised and it is important to investi¬ 
gate the phenomenon in various ways to be sure that 
even its macroscopic description is correct. 

The law of electromagnetic Induction can be illustrated 

* Assisted by Joint program of the Office of Naval Research 
tad the Atomic Hnergy Commission. 


with a Faraday disk. This is a conducting disk rotating 
in a magnetic field parallel to its ails. By menu of slid¬ 
ing contacts near the axis and at the rim, the induced 
electromotive force can be ohsorvod. 

To investigate the induction in a superconductor, a 
Faraday disk was built of lead, in the form of n flat¬ 
tened spheroid. It was mounted to be operated in s 
cryostat and the induced electromotive force was observed 
above and below the transition temperature of the lend. 

It might be expected that no electromotive force would 
be produced below the transition temperature. In the 
firBt place q potential difference is not expected to exist 
across a superconductor. More convincing still Is the 
fact that the mngnetic flux dons not pass through the 
superconductor, but is forced to go around the dish. 
Nevertheless the experiment showed almost no difference 
between the electromotive forces above and below the 
transition temperature. The small observed difference 
can easily bo attributed to Lhn experimental arrangement, 

Although this result is somewhat surprising, it ia con¬ 
sistent with observations reported by K. Onnes in 1924, 
which showed that a persistent current in a lead sphere 
could not be rotated into n different plane by means of 
a magnetic field, 

Lorentz-Type Transformations as Derived from 
Perform able Rod and Clock Operations 

Herbert £. Ivm, Upper Montclair, New Jersey 

The Lorontz transformations are mathematical formu¬ 
lae calculated to leave the electromagnetic equations un¬ 
changed in form in relatively moving systems. In them 
the “local time’’ figures as a necessary substitution; the 
operations for establishing it were not developed. Ein¬ 
stein, while emphasizing the importance of performable 
operations, nevertheless bases his development on a defi¬ 
nition, which requires that the measured time of transit 
of a light signal writ in one direction shall be half that 
of a signal wnt out and back. The latteT operation (the 
usual meLhod of measuring the velocity of light) requires 
t)ne clock, at the origin, the former two clocks, and the 
method of setting the second clock is the fundamental 
problem if Einstein's definition is to be replaced by a 
physical operation. 

The problem is solved by using a “setting clock ’' which 
is moved at ah observed velocity to the distant point, the 
“time" being determined by the sotting clock itself. 
What the setting clock reading will be is derived from 
the contractions of length and clock rate as postulated 
by Fitzgerald and Larmor, and, in the case of dock rate, 
established by experiments on canal rays. The resulting 
transformations contain terms involving the obMrved set¬ 
ting clock velocity. The velocity of light, as measured 
by signals sent in one direction, is not, as by Einstein '• 
definition, the same as for out and back signals, but is 
a function of the setting clock velocity. When the setting 
clock velocity is negligibly small the relations become the 
original Lorentz transformations. 
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Duration of Phosphorescence of Metal 
Organic Complexes 

S. 1. Wniuatn and Philip H. Yiuter 

W a thing tow Unlvmity 

(Introduced, by Arthur H. Compton) 

The coordination compounds of dibenzoyl methane with 
various metnl ions exhibit phot ©luminescence of long du¬ 
ration. Although the spectral nature of this luminescence 
Is almost independent of the metal ion, its duration is 
markedly dependent on the nature of the ion. The ex¬ 
perimental observations aro interpreted through G, N. 
Lewis's identification of phosphorescence as a transition 
between states containing different numbers of unpaired 
electrons. The probability of sneh a transition is sensi¬ 
tive to small departures from perfect pairing or from 
complete unpairiug of electrons in the various states of 
a molecule. These departures result from spin-orbit inter¬ 
action, i.e., interactions of electronic spins which are de¬ 
pendent on tlic positions of electrons. 

Such interactions in the series of compounds hero dis¬ 
cussed arise from the motion of the electrons of the or¬ 
ganic complexing agent through the electric fields of the 
nuclei of the metal Ions, and from motion of the electrons 
in the inhomogeneous magnetic fields of paramagnotic 
ions. The effect of an inhomogeneous magnetic field is 
demonstrated by a fiftyfold decrease in duration of the 
phosphorescence of the complex with the paramagnetic 
gadolinium ion over the duration of the phosphorescence 
of the complex with the chemically similar but nonmag¬ 
netic lutecium ion. The effect of nuclear charge is shown 
by a tenfold decrease in duration of the phosphorescence 
of the lanthanum (Z = 57) compound over the aluminum 
(Z = 13) compound. 

The results indicate that small departures from perfect 
pairing and unpniring of electrons in organic molecules, 
although they produce only insignificant effects on the 
energies of the molecules, aro decisive in determining 
rates of certain photoprocesses. 

A New Method for Measuring the Limiting 
Negative Pressure in Liquids 

Lyman J. Briggi, National Bureau of Stawdardt 

In this method the liquid under examination is held in 
a capillary tube open at both ends. About one centimeter 
from each end the tube is bent back upon itself through 
an angle of 140° to form a Z, The tube is cemented 
symmetrically to a horizontal spinner mounted on tho 
upper end of the vortical shaft of a high speed motor. 
It spins in its Z-plane with its center intersecting the pro¬ 
jected spin axis. Consequently the liquid column at this 
point is visible even at high angular speeds. Tho break¬ 
ing of tho column la signalized by a marked change in 
the refraction of the tube. 

In the centrifugal field, one half of the liquid column 


is pulling against the other. The mgTimimi stress is at 
the center. The effective length of either half is the dis¬ 
tance from the spin axis to the meniscus in the bent leg 
of the tube. If these distances are not equal when the 
motor starts, one meniscus immediately retreats and the 
other advances until equilibrium is restored. 

The open-ended tube possesses the great advantage of 
being easy to clean and fill. Scrupulous cleanliness is 
necessary in measuring negative pressure. To facilitate 
filling, the open ends project slightly beyond the side of 
the supporting spinner. Use of a capillary tube also re¬ 
duces to a minimum the solid surface in contact with the 
liquid and reduces the effect of vibration. Measurements 
are made under an absolute pressure of 3 or 4 cm Hg. 

Preliminary measurements indicate that the limiting 
negative pressure of water &b determined by this method 
is 223 ± 5 negutive atmospheres at 27° C. This is equiva¬ 
lent to a vertical column of water 7400 ft high hanging 
from the closed top of the tube which contains it. 

Thermoluminescence as a Research Tool 

Farrington Daniels, Charles A. Boyd, and 
Donald F. Sana den 

Umlvoraity of Wiscousti a 

Light may be emitted when a crystal is exposed to 
X-rays and heated gradually. Its intensity increases and 
decreases, giving peaks in an intensity-temperature curve, 
which correspond to different activation energies for 
trapped electrons. The characteristic curves can be used 
in studying the nature of the crystal and its previous 
history, its chemical impurities, its physical imperfec¬ 
tions, and the kinetics of the release of stored energy. 
They are helpful also in comparing crystalline material 
from different sources, in conolating lattice distortions 
produced by mixtures as in the case of NaGl and NaBr, 
and possibly in evaluating the expected behavior of heter¬ 
ogeneous catalysts. 

Many igneous rocks, limestones, and other minerals ex¬ 
hibit thermoluminescence due to radioactivity from traces 
of uranium or thorium. Even leu than one part per 
million, with an accumulative effect over millions of 
years, may give a more sensitive teat for radioactivitr 
than a Geiger-Mueller counter. After being once heated 
the minerals lose their thermoluminescence, but brief ex¬ 
posure to X-rays restores this property. Uranium con 
tent, age, impurities, and imperfections are some of the 
factors in the thermoluminescence which are now being 
studied. 

Some of the energy of radioactivity in rocks is dissi¬ 
pated as heat and carried away by conduction, but part 
can be stored as potential energy of displaced electrons 
(and atoms). After tho latent traps are filled the tem¬ 
perature rises and the stored, potential energy can be 
released quickly in a manner similar to that observed in 
thermoluminescence. This hypothesis of rhythmic heating 
may have implications in geology. 
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The New Particles of Matter 

Carl D. Anderson, California Institute of Technology 

Home of the properties of the elementary particles of 
matter were discussed briefly, with emphasis on the re¬ 
sults of recent studies of mesons. Beference was made 
to the phenomena concerned with the production and an¬ 
nihilation of and ji mosons. The results of rocont ex¬ 
periments in cosmic rays which show that tho p, meson 
disintegrates into nn electron and two neutrinos were 
presented. Tho booring that those results have on the 
moan and spin of the ji meson was discussed. 

The Study of an Iodide-Iodine Complex by Means 
of the Electromotive Force Centrifuge 

Duncan A. M a cliines 

Rockefeller Institute for Medical Research 
B. Roger Ray, University of Illinois 

The potential E of a galvanic cell consisting of two 
iodide-iodine electrodes at different radii in a centrifugal 
field was measured at a series of rates of rotation «. It 
was found that, when disturbing influences were elimi¬ 
nated, the rntio E/ft 2 was accurately constant in each ex¬ 
periment. A scries of determinations were mnde in which 
the solution in the cell was potassium iodide with varying 
proportions of iodine. The results indicated that the 
usual equation relating tho potential E to the trans¬ 
ference number, the radii, the molomilnr weights, etc., is 
correct only in the limit of zero concentration of iodine. 
For finite concentrations of iodine the equation must be 
modified to include the effect of an iodide-iodine complex 
on the mechanism of the cell. The measurements are In 
complete quantitative accord with a complex of the com¬ 
position I H '. Tho results also yield values of the trans¬ 
ference number of potassium iodide in close agreement 
with determinations by the moving boundary method. 

Individual Metabolic Patterns, Alcoholism; 
Genetotrophic Diseases 

Roger J. Williams, L. Joe Berry, and Ernest Beerstodhar, Jr. 
Uuivenity of Texas 

Distinctive metabolic patterns in individuals are prob¬ 
ably due to commonplace partial genetic blocks which 
give rise to augmented requirements for specific nutrients 
and hence to altered metabolisms. 

Bata and mice with diverse genetic backgrounds exhibit 
individual responses with respect to alcohol consumption, 
Some abstain indefinitely, some consume moderately, some 
are irregular, others steady. Some animals consume rela¬ 
tively heavily beginning the first day, others do so only 
after several weeks. These responses are genetically con¬ 
trolled; animals with the same genetic background ex¬ 
hibit uniform responses. 


Alcoholic consumption in all these an Imals can be 
raised ultimately to a high level or reduced to nearly 
zero, depending on whether or not their nutritional needs 
are completely met. The alcoholic consumption of cer¬ 
tain strains of animnls'and certain individual specimens 
is relatively difficult to reduce. Clear evidence is pre¬ 
sented that diverse deficiencies in different animals are 
responsible for the creation of an appetite for alcohol. 

These findings suggest the broader concept of goneto- 
trophic (genoto = genetic; trophic = nutritional) diseases 
of which alcoholism la thought to be one. On the basis 
of genetic variations one individual may suffer from nu¬ 
tritional disease on a diet wholly satisfactory for others. 
Tho possibility that genetotrophic factors are operative 
in numerous diseases of obscure etiology, c.g., allergies, 
mental diseases, cardiovascular diseases, arthritis, mul¬ 
tiple scloposis, drug addiction, and oven cancer, requires 
exploration. 

Psychological and social influences doubtless play a 
role in alcoholism and in ff mental discasos" generally, 
hut an investigation of biocheinicnl factors demands far 
more emphasis than it has received. 

On the Central Zone of the Human Fovea 

Walter R. Mile* 

Yale University School of Medicine 

An observer’s attention may bo directed to perceptual 
mntcrinl presented nt any pnrt of the visual field. But it 
is relatively easier to pay attention to central rather than 
to fnr peripheral areas. Our usual experience seems to 
iudicoto radiating gradients of decreasing psychological 
clearness extending from the point of fixation in all direc¬ 
tions on the visual plane. Under optimal illumination we 
see best, quickest, and with most satisfaction visual 
images formed on the fovea immediately around the point 
of fixation. Our eyes are highly mobilo and ordinarily 
turn appropriately to bring interesting visual material 
into "full gaze" on the fovea. The receptor elements 
(cones) in this region are highly sensitive to fine detail 
and color, and tho region is spoken of ns the "rod-free" 
area. The over-all diameter of this nearly circular spot, 
tho foven, is commonly given as from 3 a to 5*. 

Concentric conation within tho fovea itself may be 
demonstratod and plotted by tlie use of special filters and 
a technique which we hnve previously reported* In 
normal eyes it is characteristic to find a central disc area 
about 30' in diameter which in certain wnys seems func¬ 
tionally distinct from immediately surrounding areas. In 
our experimental findings tho subject's fixntion point al¬ 
ways falls within this disc, which comprises a relatively 
small population of elongated cones. Usually fixation 
falls very close to the center of the foven 1 disc. Besulta 
are reported on the location and variation of tho position! 
of tho fixation points for pairs of eyea In'a sample adult 
population, and on the relation of positive scotoma, to 
fixation position. Implications of fixation of tho line of 
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Wfwd Mftr the eoter of a. 41 favored n group of spe- 
fllallmd opUe noire endings are suggested. 

TV Cortical Correlate of Pattern Vision 

Velfiaag K5hl«r sod Richard Held 
S eertA—r # Cellege 

Daring recent years, the question has arisen whether 
the activities of the human brain are throughout of the 
wins kind m the events which are known to occur in 
peripheral parte of the nervous system, namely, nerve 
impulses. Both psychological and physiological evidence 
has been accumulating according to which functional in¬ 
terrelations in the brain are partly modiated by, a con 
tin nous field action. Moreover, from the investigation of 
certain facts in visual perception it has been inferred 
that this field action consists of direct currents which 
•preed through the brain as a continuum. This thesis 
has been subjected to direct physiological tests by the 
authors, and has been found to be correct. The currents 
can be registered from the intnet heads of human sub¬ 
jects. The behavior of tho currents agrees with available 
knowledge about tho anatomy of the visual cortex and 
with predictions from biophysical theory. Rival interpre- 
tatians of the results have so far been refuted. The 
authors do not suggest that tbeir observations are nt odds 
with more familial facts in neurophysiology. On the con¬ 
trary, they are convinced tlint the now facts nrc directly 
related to the arrival of nervo impulses in the brain. 
Thqy point out, however, that psychological experience 
and cortical events are likely to bo much more sensibly 
connected if brain action is mainly a matter of field 
physics than they would be if brain action consisted only 
of nerve impulses. 

The Developmental Aspect of Child Vision 

Arnold Gasoil, Y mU University 

Under a cooperative program of research over a period 
of 10 years, the Tale Olinic of Child Development has 
made periodic studies of the visual functions of normal 
Infants and chjldron of preschool and school age. These 
studies are concerned with tho progressive organization 
of visual functions in their relationship to the action sys¬ 
tem of the growing child at a score of ago lovels. Five 
functional fields have been explored in a preliminary 
■neiuwr: 1) eye-hand coordination; 2) postural orients- 
dou; 8) fixation; 4) projection; 5) retinal reactions. 
The data were gathered by means of developmental ex¬ 
aminations of behavior patterns; naturalistic observation 
of ^ontaneous and adaptive behavior at home, school, 
Bad guidance nursery ; graded teste of visual skills; op 
tamatrie tests; and examinations by streak retluoscope 
(without cjeloplegla). 

The vetlnoeeopje findings in conjunction with other 
findtafs indicate that the visual mechanism in a some¬ 


what labile condition, both dynamically and develop men¬ 
tally. Superimposed upon a basic delimiting refractive 
state there is a margin of adaptability which is mani¬ 
fested in the brightness, the motion, the direction, and 
the speed of the retinal reflex. Developmental stages can 
be differentiated Recording to the child's visual manipu¬ 
lation of space. 

The visual system and the unitary action system prove 
bo be intimately and reciprocally related. The child sees 
with his total makoup. Acuity is only one aspect of the 
economy of vision. From the standpoint of a develop¬ 
mental optics, visual functions can be interpreted in 
terms of their dynamic relation to the maturity and op¬ 
erations of the basic action system. This has implications 
for visual hygiene. Eye care involves child care. 


Audition—A Physiological Survey 

Hallowell Davia 

Central Institute for the Deaf, St. Louis, Missouri 

An important trend in the study of audition is On 
coordination of many points of view, from engineering 
through biophysics and physiology to psychology. In 
creaBing attention is being directed to the problem of 
transmission of information. This orientation yields a 
common frame of reference. 

The physical action of the ear as an analyzer of sound 
is now fairiy well understood, and the place principle 
of pitch perception is generally accepted with minor 
reservations. In the nervous system tho all-or-nane prin 
ciple of nerve action defines the physiological code of 
transmission, i.e., a dot-dot-dot system of signals at vari¬ 
ous rates over thousands of porullel conductors. The gap 
between nerve impulses and consciousness, however, is n m 
wide as ever. 

An unsolved problem in the biophysics of audition is 
the mechanism of excitation of nervo impulses in the 
sense organ. The attractive theory of electrical stimuli! - 
tion by the aural microphonic (an electrical effect gen- 
erntod in the sense organ by sound) requires additional 
hypotheses to reconcile It with some of our recent obser¬ 
vations. In neurophysiology also special hypotheses arc 
required to explain the great ability of the oar to dis 
criminate differences in the pitch and also in the loudness 
of sounds. A possible explanation may be that nubsys 
terns of nerve fibers and perhaps sensory cells as well 
may be specialized separately for sush discriminations. 
The more refined discriminations of pitch and intensity 
require more time than simple detection of a signal. 
This suggests more complicated interactions between ner¬ 
vous pathways within the nervous system. The kind of 
specialisation that we suggest seems particularly prob¬ 
able for the fine discrimination of time differences -be¬ 
tween similar signals reaching the two ears. It is on 
those small time differences that much of our ability %d 
identify the direction of the source of sounds’ depends. 
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The Effect of Protein Depletion on Acquired 
Immunity in Trichinosis 

William H. Taliaferro, Robert L. Woolridge, and 
Earl P. Bonditt 

University of Chicago 

Prolonged protein depletion in ruts hue been shown to 
lower immunity to trichinosis acquired on adequate diets, 
The two antibodies described by Olivcr-Gonz61ez as being 
active against adult worms in tlie intestine and larvae 
in the muscles were differentially affected. A low protein 
diet for Beven days prior to and continued during infec¬ 
tion reduced tlio antilarval antibody but not the antinduH 
antibody. A similar low protein diet started 33 or more 
days before infection reduced both antibodies, and the 
adults were not expelled from the intestine as effectively. 
This differential action on the antibodies by the seven- 
day preliminary depletion can be correlated with the fact 
that adults liberate antigen before protein depletion is 
marked, whereas larvae liberate antigem InteT, after pro 
fcein depletion has become pronounced. 

Histological studies indicated that trichinosis resulted 
in & marked hyperplasia of the spleen and mesenteric 
lymph nodes which was loss marked in the animals de¬ 
pleted 10 weeks prior to and during infection. The worm 
larvae in depleted as contrasted with the adequately fed 
animals were associated with smaller mononuclear ac¬ 
cumulations and fewer eosinophils on the average, These 
differences in inflammatory response are probably due to 
the lower antibody response in the depleted animals. 

The State in Nature of the Active Principle in 
Pernicious Anemia * of Catalase, and 
of Other Components of Liverf 

Edwin J. Cohn, Douglas M. Surgcnor, Richard W. Green*, 
Margaret Hunter, F. W. Kahnt, and others^ 

Harvard Medical School 

The outstanding result of our study of the components 
of blood was the observation that few of the nonprotein 
constituents were free, aud many were in very specific 
If more or less labile combination with one or another 
plasma protein. This suggested that nonprotein, nnd 
many protein, constituents exist in tissues in combination 
with proteins. 

Nitrogenous constituents of the body have generally 
been extracted by procedures which allowed chemical or 
enzymatic dissociation of natural complexes and have 

* Clinical assay lias been carried out With the collaboration 
or s committee of the Hematology Qtudy Section, National 
Institutes of Health, Hotheads. 

t Large scale fractionation of liver baa been carried out 
with the collaboration of Drs. Jules D. Porsche and James 
P- Lesb of the Armour Laboratories, Chicago, 

1 Including Bo Novberg, Sweden, In 1040-47; Gustave 
Derouaox, Belgium, and Huns Nltschmsnn, Switzerland, hi 
lWff-48. 


been investigated following protein denaturation. The 
fractionation and crystallization of proteins in alcohol- 
water mixtures at Bubzero tempera hires hare yielded a 
series of plasma components more nearly In the state in 
which they exist in nature. 

In liver, an organ with many components in equilib¬ 
rium with plasma, the active principle effective in per¬ 
nicious anemia lias been extracted and reprecipitated in 
combination with a protein fraction. Catalase has been 
separated in another fraction in combination with another 
protein from which it is readily split and crystallised as 
the free protein. Still other fractions contain the desoxy- 
and ribonucleoproteins and the various enzymes of liver. 

These investigations open the way for the study of the 
histological locus of the component in the tissue and of 
the mechanism of release from the tissue. 

Sickle Cell Anemia, a Molecular Disease 

Liniu Pauling, Harvey A. Itano, S. J. Singer, and 
Ibert C. Welli 

California Institute of Technology 

The nature of the phenomenon of sickling of erythro 
cytcs in sicklo cell nnemin suggests that this disease in 
volvcs a pnthologicnl state of tlio hemoglobin molecule. 
The electrophoretic behavior of hemoglobin from indi 
vidua Is with sickle cell anemia nnd from normal individ¬ 
uals lias beon studied with tho Tisclius npparntus. Both 
ferrohemoglobin and corbonmonoxyhemoglobin from 
sickle cell blood and from normal blood were studied 
in phosphate buffers of 0.01 ionic strength nt pH values 
of 5.7, 7.0, and 8,0. A significant difference was found 
between the electrophoretic mobilities of hemoglobin de¬ 
rived from sickle cell blood and from liormnl blood. The 
curves of mobility against pH are roughly parallel, the 
iso-electric point of normal hemoglobin being lower than 
that of sicklo coll hemoglobin for ench compound. At 
pTI 7.0 sicklo cell earbomnonoxyhomoglobin moves as n 
positive ion while normal carbonmonoxyhemoglobin moves 
as a negative ion. The most plausible explanation for the 
observed difference in mobility is that there is n differ¬ 
ence in the number of acidic or basic groups in the two 
hemoglobins, amounting to three or four such groups per 
molecule. Tho existence of this difference in the nature 
of the hemoglobin suggests that the disease itself is a 
molecular disease, and that tlie change in shape of the 
erythrocytes leading to its symptoms is the result of the 
diffcToneo in tho properties of tho molecules. A possible 
mechanism for this phenomenon is proposed, 

Enzymatic Studies of Cellular Organization 

Berwind P, Rauf mane 

Corn*git Institution of Washington 

(Introduced by M. Demerec) 

In an approach to problems of tbe nature and sped' 
ficlty of action of genes in higher organisms, cytoehemicwl 
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method!, utilising carefully purified enzymes in combina¬ 
tion with various staining procedures, were developed to 
determine the distribution and interrelations of nucleic 
acids and proteins in dividing cells of a series of plants 
and animals. Patterns of distribution were determined 
by exposing smears or sections of tissues, preserved in a 
variety of fixatives, to the selective action of purified 
enzymes—such as ribonuclease, desoxyribonuclease, and 
pepsin—that degrade specific materials without disrupt¬ 
ing visible structural continuity. Patterns of association 
between nucleic acids and proteins were revealed by suc¬ 
cessive treatments with different enzymes, or enzymes and 
chemicals. Thus experiments using ribonuclease, pepsin, 
and trichloracetic acid independently and in combination 
revealed that much of the ribonucleic acid in fixed cells 
exists in association with nonhistone (tryptotphmie-con¬ 
taining) protein, and that there is in condensed chromo¬ 
somes a type of rihonucleoprotein which iTtcrtmtes and 
decreases in the cycle of mitosis and is presumably re¬ 
lated to the control of genic activity. Himllhr experi¬ 
ments using desoxyribonuclease Indicated that desoxy¬ 
ribonucleic acid is in part associated with the histone 
type of protein. These experiments also showed that the 
structural continuity of the chromosome is not destroyed 
by hydrolysis with desoxyribonuclease, ribonuclonso, or 
pepsin. However, it Is destroyed by hydrolysis with 
cither chymotrypain or trypsin, or by pepsin after re¬ 
moval of nucleic acids. 

Sexual Behavior as a Function of 
Androgen Concentration 

Frank A. Beach* 

Y alt Vnlvertity 

(Introduced by Valter R. Mi lea) 

It is well known that the reduction or loss of sexual 
capacity which usually follows cnatrntion in male animals 
can be prevented by administration of exogenous andro¬ 
gen. This fact has been established by experiments upon 
birds, reptiles, and mammals. Less systematic observe 
tions of hypogonadal patients indicate that ,in soma,cases 
androgen therapy occasions an increase in the erotic 
responsiveness and potency of human males. In nr in¬ 
stance, however, have the behavioral effects of different 
dosages been carefully examined. This was attempted 
in the present study. Male rats were observed in a series 
of tests with receptive females before and after eastra 
tion. Following the operation testosterone propionate 
was administered by daily injection, different concentra¬ 
tions being employed for five groups of animals. A con¬ 
trol group received plain sesame oil and others were 
treated with 1 to 500 pg of hormone every 24 hr. Ap¬ 
proximately 50 pg per day maintained mating behavior 
at preoperative levels. An equivalent dally dose for a 
175-lb man would be approximately 13 mg of testosterone 

' With the assistance of A. U. Hoie-Tncker., 


propionate. In rats receiving smaller amounts of hor¬ 
mone response to the female occurred less promptly, The 
frequency of Intromissions and ejaculations wns reduced 
and the rest periods following orgasm became longer. 
These animals showed symptoms usually associated with 
human hypogonadism. Administration of 100 or 500 pg 
of androgen per day produced a rise in the number of 
ejaculations occurring in a time-limited test, increased 
the speed with which mating was begun, and shortened 
the post-ejaculatory rest period. 

Inhibition of Plant Growth by Protoanemonin 
and Comnarin and Its Prevention by BAL 

Kenneth V. Thimann and Valter D. Bonner, Jr. 

Harvard Univmity 

It has been suggested in a previous paper that unsatu- 
rated lactones exert their growth-inhibiting effects on 
plants through reaction with a sulfhydryl enzyme. This 
enzyme is evidently a limiting factor in the growth of 
isolated sections of oat coleoptlle or pea stem and is 
responsible for growth inhibition by iodoncetate, arsenite, 
and organic mercurials. In the present paper it is shown 
that coumarin and protoanemonin Inhibit both straight 
and curved growth, the protoanemonin being 10 to 30 
times the more active. At subinhibiting concentrations 
the growth is promoted in each case- The inhibition is 
clearly prevented by the addition of dimercnptopropAnol, 
BAL, at concentrations below 3.1(M molal, 

It is concluded that coumarin and protoanemonin do 
inhibit growth by reacting with sulfhydryl enzyme, and 
that this enzyme is probably the same as that inhibited 
by iodoncetate and arsenite. 

New Evidence on the Origin and 
Evolution of Maue 

Paul C. Mangalsdorf 

Botanical Msmuk, Harvard University 

Remains-of maize isolated from a cultural deposit in 
New Mexico and estimated to represent a span of approxi¬ 
mately 3,000 years, beginning several millenia B.C., have 
thrown new light on the problem of the origin and evolu¬ 
tion of maize. They show that primitive maize was both 
a pop corn and a pod com bearing small corneous kernels 
enclosed in glumes. The husks which in modem maize 
completely surround the ear were present in primitive 
maize but did not yet enclose the ear. There was a pro¬ 
gressive increase in average cob and kernel size during 
the period represented fay the remains and a tremendous 
increase in the total range of variation. The accumula¬ 
tion of variation appears to be one of the most important 
factors involved In the evolution of plants and animals 
under domestication and may prove to have an important 
bearing upon evolutionary processes In nature. 
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TECHNICAL PAPERS 


Isolation of Pituitary Follicle-Stimulating 
Hormone (FSH ) 1 

Choh Hio Li, Miriam £. Simpaon, 
and Herbert M. Evani 

Institute of Experimental Biology t 
University of California 

A method in herein reported for the isolation of a 
protein from sheep pituitnrtas which causes follicnlur 
development only in the ovaries of hypophysoctooiized 
rats, and which behaves as a single substance in electro¬ 
phoresis and ultracentrifugation. 


a R 

Flu. 1. Ek'druplioretlc pnticrns of uaceudinff bnumlurlea 
of two pltultury folIlclc-Ntlmulntlng hormone preparations: 
A—In pll 7.0 phosplmtc buffer of 0.1 Ionic strength, nod B— 
In pH 4.0 acetate buffer of (lip Hume Ionic strength. The 
current with n potentlul gradient or about 8 volts per cm 
had run for 180 min In A anil for 240 min In D. The pro¬ 
tein concentration wns 3%. 

The following procedures were performed nt 2 to 
.7° C: 

Ammonium sulfate fractionation: One kg of frozen 
sheep pltuitnries is finely ground and extracted with 
Oa(OH)| according to the procedure described previ¬ 
ously (f). After the removal of the precipitate ob 
tained by adding saturated (NH,|)*B0 4 to half saturation, 
the supernatant was brought to 0.75 saturation by the 
addition of solid (NH^gSQ*., This precipitate was dis¬ 
solved In water and dialysed.. A slight precipitate that 
formed during dialysis was discarded. The clear reddish 
supernatant solution ’Was adjusted to pH 6.0 and then 
to pH 4.7. The precipitate formed at either pH whs 
removed by centrifugation. The supernatant was brought 
to 0.5 saturated (NH ( ) i S0 4 by the slow addition of an 
equal volume of saturated (NH*) f S0 4 solution at pH 
4.7. The precipitate formed was removed and the super 
oatant again brought to 0.75 saturated (NH 4 ),SO< by 
further addition of saturated (NHJ.SO, solution at the 

1 Aided by grants from the American Cancer Society 
(through the National Research Council, Committee on 
Orawth), the U. 8, Public Health Service, and the Research 
Board of the University of California, Berkeley. California. 


same pH. The precipitate was dissolved and dialyzed. 
The whole procedure was repeated once more, and the 
final dialyzed solution was frozen and dried in vacuum. 
This product is called **crude FSH ,f and may be kept 
in a desiccator for further use. 

Ethanol fractionation: The 11 crude FSH 1 ’ powder was 
next extracted with 0.10 M K,HPO ( in 40% ethanol. 
After removal of the residue, the ethanol concentration 
in the supernatant wqs> increased to 80% by adding 
slowly cold 95% ethanol (-5° C). The ethanol pTecipa 
tato was dissolved in water and dialyzed. 

Further (NH 4 )J90 ( fractionation: The dialyzed solu¬ 
tion was adjusted to pH 4.7 and centrifuged if precipi¬ 
tation occurred. A pH 4.7 saturated (NH ( ),80, solu 



I«Tu. 2. Four HchUereu patterns of a saline solution or 
I lie pituitary follicle-stimulating hormone taken at 1020-sec 
Intervals during sedimentation at 105,000 m gravity In an 
ultracvntrlfuge. 

tion was next added until the concentration became 0.55 
saturation. The 0.55 saturated (NH i ) t HO l precipitate, 
found to be devoid of FSH activity, was removed by 
centrifugation. The supernatant was brought to 0.70 
saturation with more pH 4.7 saturated (NH 4 ) B SO < solu 
tion; the precipitate formed was dissolved in water and 
dialyzed. This 0.55-0.70 saturated (NH ( ) Jf SO, fraction¬ 
ation was repeated twice. 

The final 0.55-0.70 saturated (NH,) s S0 4 precipitate 
was examined in a Tiaelius electrophoresis apparatus 
using the scanning method of Longsworth and in a Spinco 
ultra centrifuge,* As shown in Figs. 1 and 2, the pattern 
obtained by either method was characteristic for a single 
protein. 

All biological assays were carried out in female rats 
hypophy sec torn! zed at 27 days of age. Subcutaneous iir- 
joctions were begun about 7 days later, and were given 
once daily for 3 days. Autopsy was performed 72 hr 
after the onset of the injections. Histological examina¬ 
tion of the ovaries showed that a total dose of 0.0G mg 
of the hormone initiated follicular development (increase 
in follicle size beyond that characteristic of controls and 
beginning antrum development). On thfe other hand, a 
total dose pf 2,0 mg of the product administered over a 
4-day period did not show interstitial-cell-stimulating, 

9 We are Indebted to M, Mnikawltz for the ultrscentrlfugal 
data. 
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thyrotropic, adrenocorticotropic, or growth-promoting ac¬ 
tivities, indicating that at this high level the preparation 
was free of other pituitary hormones. 

Reference 

1. Li, C. H., Bvanh, n. M., sad Simpson. M. K. J. biol. 

Cher*., ltM5, 15B, 353. 

Preliminary Report on the Circumpolar 
Distribution of N eoechinorhynchus 
rutili (Acanthocephala) in 
Fresh Water Fishes 

Harley J. Van Cleave and James E. Lynch 

Department of Zoology , University of li/htoh, and 
Department of Fisheries, University of Waihington 

Kurly uttemptB on the part of American helmintholo¬ 
gists to establish the identity of individuals of the acan- 
thoccphnlan genus Ncoecliinorhynchus found in Ashes of 
the Atlantic coast and species found in Europe have all 
been repudiated. For many years the writers have been 
accumulating evidences on the continuous dispersal of 
Neoechinorhynchus rutili iii fresh water and migratory 
fishes throughout the circumpolar regions of Europe and 
North Americn. Previously unpublished observations, re¬ 
sulting from examinations of fishes of the northern states, 
the north Pacific nrea, Alaska and the arctic regions, fur¬ 
nish a chain of evidence on which broad geographical 
distribution is established. There is no confirmation of 
the possibility of this species 1 extending its distribution 
through the Atlantic fauna. 

The most difficult obstacle encountered in the study has 
been the inadequate morphological description of N. rutili , 
which has been commonly regarded ns n distinctively 
European species. Detailed studies have demonstrated 
the identity of specimens from Sweden, Finland, and 
central Europe, and those taken from Wisconsin, Wash¬ 
ington, Alaska, and various regions hi Canndn, including 
materials from within the Arctic Circle of the Canadian 
Northwest Territories. 

This constitutes the first authentic demonstration of 
the occurrence of the same species of an ac&ntliocephalan 
m fresh water fishes of both Europe and North America. 
Inhabitants of brackish water and migratory fishes are 
included in the host list for both continents, There is no 
evidence to indicate thnt this widely dispersed species has 
developed any tendency toward the establishment of dis¬ 
tinct varieties ot subspecies in the various parts of Its 
range or in its adaptation to a highly diversified list of 
definitive hosts. 

A full morphological and taxonomic description of N. 
rutili is possible on the basis of the present study. This, 
together with a full account of the geographical and host 
distribution, will be presented in a full account of the In- 
vestlgH tion which is to be published elsewhere. 


A Photographic Technique for the 
Detection of Presumptive 
Biochemical Mutants 

Roia Meycnburg, Seymour Pomper, 1 
and Victor M. Cuttor, Jr. 

O shorn Botanical Laboratory , Yale University 

A recent article by Wagner ( JS) describing the photo¬ 
graphic recording of Petri plate cultures of microorgan¬ 
isms suggested the possibility of a similar technique for 
detecting biochemical mutants in colonial microorganisms. 
The layer plate detection technique of Lederberg and 
Tatum (I), as customarily used in this laboratory, in¬ 
volves the laborious hand-moTking of individual wild tjpe 
colonies to enable the later detection of mutant organ¬ 
isms. Cells or spores treated to induce mutation are 
plated on a minimal agar medium and the mid type 
colonies allowed to gTow up. These colonies are marked 
by spotting a drop of India ink on the glass surface of 
the plate directly below the colonies. Thereupon a layer 
of agar f containing whatever supplements the investigator 
is interested in, is poured over the agar surface contain¬ 
ing the treated cells. Cells requiring the supplements are 
thus enabled to grow up. The procedure is concluded 
by picking the unmarked colonies, which develop after 
the addition of the supplemented inedin, and testing them 
further to determine tlieir mutant status. In crowded 
plates the individual spotting of colonies is very time- 
consuming and occasional colonics may be overlooked, or 
the indicator spots rubbed off ill handling. 

In tho photographic method developed here, the treated 
cells are prepared and plated in the usual way. When 
the wild type colonics have grown up, the plate is placed 
upon a piece of high speed, high contrast photographic 
printing paper with the emulsion side of the paper in 
contact with the underside of the plate. The plate is 
momentarily uncovered and exposed to a strorig light, and 
the exposed paper then developed in the usual manner for 
contact prints. With proper exposure a positive print is 
obtained in which the white colonies stand out against a 
dead black background, since the agar layer with colonies 
acts as a negative. The plate from which the print was 
made is layered with supplemented media. After an ap¬ 
propriate interval to allow growth of deficient cells the 
plate is superimposed on the print. The new colonies 
which grow up are readily detected by comparison with 
the colonies already visible on the photograph of the 
original layer, and these putative mutants are picked and 
tested further. Reference lines and markers to permit 
easy orientation of plate and print may be drawn on the 
lower surface of the plate with India ink before photo¬ 
graphing. In practice we find Kodabrotnlde F-4 and F-9 
to be very satisfactory papers used In conjunction with 
the light from an enlarger. The exposure time under 
these conditions is less than 1 sec, and the entire develop- 

< fUnndnrrt Rrsniln, Inc. fallow la microbiology. 
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ment time about 5 min. A number of plates may be 
exposed and developed simultaneously by using large 
■beets of paper. 

The only necessary precautions are the use of an agar 
layering medium which does not contain granules of un- 
dissolved material which might be mistaken for micro- 
colonies, and tlie selection of Petri plates with un- 
scratched glass bottoms. Ordinary core should be taken 
to prevent contamination when the plates are uncovered 
for photographing. It is felt that tills method possesses 
advantages over the usual marking procedure in saving 
time, increasing accuracy, and providing a permanent 
record of each plate. 

References 

1. Ledkhukiio, J., and Tatum, 10. L. J, Mol. Ohem., 10411, 

165(1), 381, 

2. Wahnicu, K. A. Turtoif Sewn, 1048, 06(1). 

Sentential and Propositional Generaliza¬ 
tions of Salivary Conditioning to 
Verbal Stimuli 

Gregory Razran 

Department of Piycbology, Queent College, 

■ltd The John Simon Guggenheim Memorial Foundation 

While conditioned responses to single words have been 
established by a few investigators, no one, to the writer's 
knowledge, 1ms studied the course of true conditioning to 
whole sentences, or propositions. In the prosent study, 
salivary Gils were formed in four adult human subjects 
to three short sentences—“Poverty is degrading," 
"Roosevelt will be elected," and "Socialism is desir¬ 
able 1 ’—and the generalisation of the conditioning to 
sentences, with reversed "subjects" and/or "predi¬ 
cates" and/or "copulas," was mapped out. J The writ¬ 
er's technique of salivary conditioning lias been previ¬ 
ously described (I). It consists essentially of measuring 
saliva by weighing Increments in dental cotton rolls 
(Johnson and Johnson, No. 3, 0.5/15 in) inserted under 
the subjects’ tongues for a short period of timo, usually 
for 1 min. Since the cot ton-in-tho-woutk is by no means 
a totally inactive stimulus, periods of control salivation 
□lust be rotated with experimental periods; and, again, 
to prevont evaporation, scale-corrosion, and nbsorption, 
the rolls are weighed in small cellophane envelopes, and 
reweighed in tlio envelopes immediately aftor their re¬ 
moval from the subjects’ mouths. Other characteristics 
of the technique are: (1) multiple intermittent 1-scc 
presentations of stimuli-to-bo-eonditioned, during single 

1 “Wealth Is defirndlng," "Wealth Is uplifting," "Poverty 
Is uplifting," “Wealth Is not degrading,” "Poverty Is not de¬ 
grading" "Poverty Is not uplifting," "Wealth is not uplift¬ 
ing" ; "Dewey will ho elected,” "Dewey will be defeated,” 
"Roosevelt will be defeated," "Dewey will not be elected,” 
"Roosevelt will not be elected,” "Roosevelt will not be de¬ 
feated," “Dewey wUl not be defeated” ; "Capitalism Is de¬ 
sirable,” "Capitalism it undesirable," “Socialism Is unde- 
sirabje,” "Capitalism Is not desirable,” "Socialism Is not 
desirable,” "Socialism la not undesirable," "Capltallem Is 
not undesirable," 


continuous eating periods of 2-4 min, so as to provide 
maximum attention, for the stimuli and to make the en¬ 
tire task more "molar" and meaningful; (2) misin¬ 
forming the subjects about the nature of the experiment, 
so as to forestall disrupting subjective attitudes; and 
(3) varying the food—small pretzels, tea, sandwiches, 
lollipops and peppermint candy—in the different eating 
periods of the experimental sessions, and scheduling the 

TAHLK 1 

(fknkhai.izatiun or Conoitionki* Hamvation to Buntencmh ; 

“POVKI1TY IS DKORAniNO," ‘TIOOSBVRLT WILL Bit 
Elected/' and “Socialism Is Dkbulablr"* 


(JeneruJlratlon 

Hentencost 

Logical 

formula 

Percent 

of 

gene ml 1- 
ration 

Mean 

of 

per 

rent 

\V<* © m ; De © Hf ; Cn © Ud 

S'CP' O 

no ; 53 ; G3 

58 

We x I!f{ ; De x El ; CaxDfl 

B'C'r o 

40 ; 00 ; 5R 

52 

l»o xUl; Ro x Df ; Bo X Ud 

HCT' O 

44:41:51 

45 

Wo © Du ; De © El ; Cft0Pa 

S'CP • 

38 : 31 ; 30 

3tt 

l*o x Djf ; lln x El ; Bo X Du 

KC'P# 

a“;28 ; 34 

aa 

l*o © 171; llo © Df : So 0 Ud 

SCI" # 

33 : :10 ; 30 

S3 

Wh X Ul ; Do x Df ; Ca x IJd 

S'cr • 

1!) ; 28 ; 27 

25 


* Erich entry In the third column Is u menu of 04 measure- 
incntN, 10 for each of the four subjects In the experiment. 

t Abbreviations und symbols: We = wenltli, UI * uplifting. 
De = Dewey, I)f = defeated, Cn = cnpltiill*in, (Id -= iimleslrniil^ 
Dg * degrading, 151 = elected, Db = ilcul ruble, To - poverty, Ro » 
Roosevelt. So =» soHullsni ; ©-fit or i clll he, x = fs nut or will 
not be; B'« reversed subject, P' - reverued predicate, C' ■= re¬ 
versed copnln : O = proposition affirmed, % » proposition ne¬ 
gated. 

sessions in the late morning or afternoon, so as to insure 
adequate psychophysiological motivation. 

In this particular experiment, each of the three to-be 
conditioned sentences was Rnslied 30 times, in random 
order, on a screen for 2 sec—with random intervals of 1 
to 2 see between Anslies—during enting periods of 3 min. 
Ton such enting periods, with random rest periods of 
J-li min between them, constituted an experimental 
training session; and after the first two training sessions, 
enme eight training-testing sessions. Knell training-test 
ing session consisted of six 3-min eating periods, during 
which the throe sentences were presented, and of nix lfi 
min testing periods, during which the amount of condi 
tioned salivation (I-min experimental minus 1-min contra! 
salivation in mg), to the conditioned and to the general 
izntion sentences, was ascertained. Testing periods alter 
noted with enting periods, and in each testing period the 
CRs of only one conditioned sentence and of its apper¬ 
taining generalization sentences were determined, so that 
each sentence—conditioned as well as generalization —wub 
tried twice in each experimental training-tasting session 
and 16 times in the entire experiment. The four subjects 
were undergraduate college students, and they were di¬ 
vided into two equal subgroups, the procedures for the 
subgroups differing, however, only in the sequences of 
testing the CRs. 

The results are presented in Table 1. They are given 
in percent of generalization, that is, the eouditlotied 
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salivation to the generalization sentences as percent of 
the conditioned salivation to the conditioned sentences 
(the latter ranging from 189 to 531 mg per min), For 
lack of spnee, the entries in the first column of the table 
are abbreviated, while the first entry in the second column 
under Logical formula moans that each of the three gen¬ 
eralisation sentences in the first row of the first column 
was formed from its respective conditioned sentence by 
reversing the “subject" (S'), keeping the “copula" 
(C) unchanged, and reversing the “predicate" (P') of 
the conditioned sentence, thus affirming (0) its propo¬ 
sition; and the fourth ontry in the second column means 
that each of the three genera lizution sentences in the 
fourth row of the first column was formed from its re¬ 
spective conditioned sentence by reversing the “subject" 
(S') but keeping unchanged the “predicate" (P) and 
the “copula" (C) of the conditioned sentence, thus 
negating (•) its proposition. As seen from the table, 
the amount of CR generalization was a function of both 
(a) the general logical equivalence of the propositions in 
the generalization sentences to those in the conditioned 
sentences, and (b) the particular verbal similarity of tlio 
two types of sentences. The generalization fnctor of 
propositional equivalence is seen in the greater CR gen¬ 
eralization to the sentences in the first three rows, affirm¬ 
ing the propositions of their respective conditioned 
sentences, tlmn to the sentences in rows four, five, and 
six, negating these propositions, even though the sentences 
in the latter rows were sententially twice as similar to the 
conditioned sentences. On the other hand, the signifi¬ 
cance of the fnctor of sentential similarity is manifest 
in the differences between CR generalizations to sentences 
that were propositionally oquivnlont yet sententially dif¬ 
ferent, such as ouch of the sentences in the first threo 
rows and each of the sentences in rows four, five, and 
six—and it further follows from the fact that the gen¬ 
eralization to the sentences in the first tout that were 
propoaltionnlly equivalent yet sententially different from 
their respective conditioned sentences was not complete, 
but ranged from 41 to 133 percent. The table also ap¬ 
pears to show that sentential similarity is itself a com¬ 
plex function, and is more than mere verbal similarity. 
Thus, comparing rows two and three, and four and six, 
we lenrn that reversing the “predicate" produced a 
greater loss in CR generalization tlmn reversing the “sub¬ 
ject," which fact points to bath n grammatical factor of 
syntax and a logical factor of the relative contributions 
of “concepts” and “individuals” to total propositions. 
Finally, the table gives some indication that changing 
“desirable" to “undesirable" resulted in less of a loss 
of CR generalization than changing “degrading" to 
“uplifting" and “elected" to “defeated." This ap¬ 
parently means that even pure verbal similarity between 
sentences must, in its turn, take account of not only the 
number of identical words between the sentences, but also 
the intersentential re] a ted news of nonidentical and even 
of contradictory words. In a previous study (2), the 
writer found that OR generalizations to single words 
proceeded both nlong semantic and along phonetic and 


graphic relatednesses—though more along the former than 
the latter—and that finding has since been corroborated 
by two other investigations in conditioning the galvanic 
skin response (3). It would seem worth while to try out, 
similarly, the more complex findings of the present study 
with other responses and techniques. And these tech¬ 
niques need not necessarily be those of conditioning. 
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The Purification of Phenol for Paper 
Partition Chromatography 

O. Janet Draper and Arthur L. Pollard 
Department of Bacteriology , University of Tennessee 

Since the original work of Consden, et al. (I) on paper 
partition chromatography, many workers have sought dili¬ 
gently for a better solvent system than tho phenol-water 
which they used. So far nothing better has been re¬ 
ported evon though tho phonol-watcr By atom is frequently 
limited in usefulness by the development of extraneous 
colors, which are particularly harmful when the chromato¬ 
gram is run in ammonia atmosphere, ns it usually is. 

In this laboratory, the method has been used for some 
time to identify amino acids in bacterial culture filtrates. 
The extraneous colors which were almost always present 
on the developed chromatogram introduced so much un¬ 
certainty that final results could not be presented with 
any confidence. A project was therefore undertaken to 
determine the cause of these colors and the possibility 
of eliminating them. This was finally accomplished and 
it is thought that the results may be of interest to others. 

The colors are probably eaused by the catalytic action 
of heavy metals on phonoL Consdon, et al. (2) believed 
them to be caused by copper in the paper but It has been 
determined here that the principal source is from impure 
phenol and from the distilled water used to dlluto it. 
Present practice is to distill all phenol before use. If 
in the form of crystals, it Is liquefied with 12% water 
first. It is put into the distilling flask and 0.1% alumi¬ 
num turnings and 0il&% NoETCO, aro added. Distilla¬ 
tion is carried on« at atmospheric pressure until the 
azeotrope is off and then under nbout 25 mm from a 
water pump until approximately 20 ml of the almoat 
black roaidue is loft. A 14 mm x 70 cm Pyrex air-cooled 
tube is used as a condenser. 

Before use the w a ter content is adjusted to 25% using 
triple distilled woter which is tested for heavy metals. 
Tlie water content of the mixture is determined as fol¬ 
lows: into a 15-ml centrifuge cone put 10 ml of the 
phenol-water solution and 500 mg of NaCl; stopper and 
shako tho tube; allow to stand 20 minutes to form the 
phase boundary. This should be at 1.4 ml when the 
water content is 25%. The water content may vary from 
24 to 29% without a detectablo difference in Rf values. 
It should not, however, be at saturation sines if a water 
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layer forme in the chroma to graphic chamber incorrect This method offers several definite advantages. De¬ 
results will be obtained. hydration is more complete. A flow of circulating fresh 

With phenol prepared in this way extraneous colors anhydrous deb yd rant completely surrounds the tissues 

are completely eliminated. The amino add bands are at all times. This is an important consideration, since 

sharply defined and full advantage of the color range is incomplete dehydration is a frequent cause of shrinkage 

obt aine d It should be mentioned that the sample should and hardening of tissues within paraffin blocks after 

also be free from heavy metals, particularly Ou, Zn, Fe they have been cut off and put away. If a gradually 

and Mn. All chromatograms run in this laboratory are increasing concentration of the dehydrant is desired, one 

run against gravity as described by Horne and Pollard need only fill the extraction chamber with the desired 

( S ). An ammonia atmosphere is always used with phenol, 

With these procedures Hf values confirm very exactly jl 

those obtained by Dent (£)_ Aj\ 
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A Method of Automatic Dehydration for 
Histological Technique 1 

Arthur K. Saiki and Robert R. Kling 

Departmswta of Pathology amd Amato my , 

Univenlty of North Dakota School of Mtdlcias 

Heretofore the mechanics commonly involved in the 
process of dohydrntion have consisted of manually or 
mechanically transferring tissues through a series of 
dehydrating chambers containing the dehydrating agents, 
or of leaving the tissues in a single chamber and peri¬ 
odically changing the surrounding dehydrating fluids. 

A new method is now introduced whereby the tissues 
are continuously and automatically bathed in a con¬ 
tinuous flow of anhydrous dehydrating agent. This is 
accomplished by the use of on extraction apparatus 
equipped with a Soxhlet Extractor having an overflow 
drainage rather than the usual siphon type drainage 
(see Fig. I), The tissues are placed in the modified 
Soxhlet Extractor, which is then filled with dehydrating 
fluid. A funnel placed in the extractor is used to carry 
the condensate to tho bottom of the chamber to insure 
a continuous change in fluid throughout tho depth of the 
extractor. The flask is filled approximately three- 
fourths full of dehydrating agent, and 80-100 g of eol- 
cium carbide (depending upon the moisture content of 
the dehydrating agent and tissues) is also addod to in¬ 
sure a completely anhydrous condensate. A thermo¬ 
statically controlled hot plate with a variable tempera¬ 
ture control is used as the source of heat. Thus, os 
the dehydrant is refluxed, the condensate (anhydrous 
dehydrating agont) enters tho bottom of the extracting 
chamber, circulates through the tissues, and finally spills 
out through the overflow drainage back down into the 
flask. The apparatus should be operated under a hood, 
or else a rubber hose should be attached to the top of the 
condenser to carry off the fumes. 

1 This Work was supported Id part by a National Institutes 
,,r Health grant. 



starting concentration of dehydrant at the beginning of 
the procedure. This dehydrant then will be very gradu¬ 
ally replaced by completely anhydrous dehydrating agent, 
giving the effect of transferring the tissues through s 
finely graded series of reagents. 

It is automatic. A manual transfer of the tissues 
is not necessary, nor is a manual change of dehydrating 
fluid. The tissues may be placed in the apparatus to¬ 
wards evening and left unattended until the following 
morning, when they will be dehydrated and ready for 
further processing. 

It is inexpensive. Only small amounts of dehydrating 
agent are necessary, since the dehydrant is being con¬ 
tinually refreshed as the process proceeds. The ap¬ 
paratus itself is of simple design, and any glass blower 
can make it at a nominal cost simply by altering a regu¬ 
lar Soxhlet Extractor as indicated. 

Although *most of the commonly used dehydrating 
agents are adaptable to this procedure. It is preferable 
to use those having relatively low boiling points, so that 
the tissues may be safeguarded against any boat damage. 
We have had good success with acetone with the above 
method and at present are testing various other reagents, 
particularly those which can he used both for the de¬ 
hydration and the clearing process, thus extending the 
automatic!ty of the procedure. 


SCIENCE 


April 29, 1949, Voi. M» 


450 


Book Reviews 

Tbo cbomUtry and technology of enzymet, Henry 'Tauber, 
Now York: John Wiley; London: Chapman & Hall, 
1949. Pp. viil + 550. (Illustrated.) $7.50. 

This volumo Is an expansion of the author's book 
Enzyme technology , published in 1943. The contents 
are divided into two parts: Part I, The Chemistry of 
Enzymes; Part II, The Technology of Enzymes. The 
addition of Llie fundamental material in Pnrt I hns in¬ 
creased materially the value of the book, and tbo inclu¬ 
sion of a number of the processes developed during the 
war has strengthened Part II. An occasional error such 
as Streptococcus for Staphylococcus aureus, whilo irritat¬ 
ing to bacteriologists, in no manner detracts from the 
value of the work. 

Malcolm H. Soulk 

University of Michigan 


Elementary itathtlcal amalytii. 8. S. Wilks. Princeton, 

N. J.; Princeton Uuiv. Press, 1948. Pp. xi + 284. 

$2.50. 

This book is intended to be used as a text in a onc- 
semcBtcr introductory course In statistics. While a knowl¬ 
edge of calculus is assumed, it is used only rarely: an ac¬ 
quaintance with elementary algebra will suffice for tbe 
reading of all but a few sections of the book, and those 
could be omitted without serious loss. It is clearly and 
Ipcidly written, and numerous examples are provided in 
the text bo illustrate the principles brought out. Tho aim 
has boon to make a few basie concepts entirely clear, 
rather than to cover a wide Held. 

The viewpoint is adopted which regards statistical 
analysis as a methodological tool of scientific research, 
rather than the traditional idea, still too common In ele¬ 
mentary texts, that its main objoet is merely to -give a 


summary description of a set of data. Thus, tho role of 
probability is emphasized; and much attention is given 
to tho problem of sampling, which is that of making in¬ 
ferences from a sample concerning tbo characteristics of 
the population from which It was drawn. It is refreshing 
to find that, by tbe introduction of confidence limits, the 
author, has brought into his treatment of this subject a 
definiteness too often lacking in beginning textbooks. 

TnoMAfi N. E. Geevillk 

Federal Security Agency 
VubiiQ Health Service 

Introduction to phy»lct. (2nd. ed.) Harloy Howe. New 

York-London: McGraw-Hill, 1948. Pp. xii + 599. 

(Illustrated.) $4.50. 

This nontechnical book on physics is intended for stu¬ 
dents in the liberal arts, prcmcdicnl courses, and agri¬ 
culture. It embraces the usual classical subdivisions of 
the subject. Throe chapters devoted to topics associated 
with modern physics aro introduced beforo tho final 
section on optics. 

The author states in the preface that a knowledge of 
elomentary algebra and plane geometry is sufficient 
mathematical background for an understanding of the 
text. This level is consistently maintained. Thore are 
few equations that cannot be understood from the prin¬ 
ciples elucidated hero. 

Some users of the book will want to supplement it 
with additional classroom material. This is particularly 
true of the section on rotational motion, which seems 
to be unnecessarily brief. 

All in all, the book is a good one. It should prove 
an understandable and appropriate text for use in a 
course designed to fill the needB of the student who wants 
a fundamental course in physics to supplement his major 
study. 

Walter M. Nielsen 

DuJce University 


NEWS 
and Notes 

Raymond E. Masters, of the 
Weatinghouse Corporation J s East 
Pittsburgh medical Btafi, has been 
appointed medical director of the 
corporation ’s recently formed 
Atomic Power Division at Bettis 
Field, near Pittsburgh. 

Sam Grsnick, of the Rockefeller 
Institute for Medical Research, will 
deliver the eighth Harvey Lecture of 
the current series at the New York 


Academy of Medicine on May 19. 
His subjoct will be "Home and 
Chlorophyll. 11 

Norbert Wiener, professor of 
mathematics, Massachusetts Institute 
of Technology, will speak on "Cy¬ 
bernetics 1 ’ at the Howard University 
College of Medicino, Washington, 
D. C., May 12, at 8:30 pjn, Tho oc¬ 
casion is the second annual Howard 
University Sigma XL lecture. 

Visitors to U. S. 

G&ati Elfvtng, of the UnLversity 
of Helsingfors, Sweden, has been ap¬ 
pointed visiting professor of mathe¬ 
matical statistics for the academic 
years 1949-51 at Cornell University. 


Corneille Heymane, professor of 
pharmacology of the University of 
Ghent, Belgium, is visiting professor 
of pharmacology at Emory Univer¬ 
sity School of Medicine, Georgia, 
during the spring quarter. 

Robert Broom, South African 
paleontologist, recently visited the 
University of California at Berkeley, 
where he lectured on the significance 
of man-apes in human ancestry. 

E. Haegglund and H. W. (Herts, 
of the Cellulose Industrious Central 
Laboratorium, Stockholm, Sweden, 
will address the Symposium of Wood 
Chemistry, Polytechnic Institute of 
Brooklyn, New York, on May 7. 
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Fellowship 

The Univenlty of Cincinnati has 
announced the establishment of a 
Texaco fellowship in industrial modi- 
aine, The grant will be for a two- 
year period starting July 1, and 
leads to the degree of doctor of in¬ 
dustrial medicine. Candidates in¬ 
terested in this training opportunity 
may write to Robert A, Kchoe, Di 
rector, Institute of Industrial Health, 
University of Cincinnati. 

Colleges and Universities 

Two lectures are scheduled at the 
University of Vermont in Burling 
ton. T. M. Sonneboru of tho De 
partment of Zoology, University of 
Indiana, will speak May 5 on the 
physical basis of coll transformation. 
On June 2, C, I). Rhoads, of the 
Memorial Hospital and Sloan-ICet 
taring Institute for Cancer Research, 
will speak on the use of isotopes in 
rancor research and treatment, 

The Montreal Neurological In¬ 
stitute of McGill University will 
hold its 14 th Htighlings Jackson 
Memorial Lecture on Mny 13. The 
guest speaker will bo H. Cuthbert 
Bazett, professor of physiology at 
the School of Medicino, University of 
Pennsylvania, who will speak on 
*' Dlood Temperature in Man and 
Its Control, M 

The University of Illinois* new 
9400,000 Aero Medical and Physical 
Environment Laboratory was ofll 
daily occupied on April 11. The 
staff consists of A. C, Ivy, director; 
John P. Marbargor, research direc¬ 
tor; Victor Guillomin, Jr., biophysi¬ 
cist; and M. IC. Fahnestock, engi 
nee ring director. Research studies 
are planned on physical environ¬ 
mental factors in hoalthy and dis¬ 
eased human beings, and further 
studies in aviation medicine. 

All Harvard University freshmen 
will take at least one course in 
General Education, beginning this 
fall, and by 1051 all undergraduate 
students will be required to take ele¬ 
mentary courses in three fields of 
learning: the humanities, the aoeial 
lienees, and -the natural sciences. 
Most students will select these three 
<*°ttrees from the 12 or more elemen- 
t& ry courses offered in General Edu¬ 


cation. During his four years, each 
student must take at least six courses 
outside the department in which he u* 
concentrating. To carry out the now 
program, Philippe Le Corbeiller has 
been appointed professor in General 
Education, and John Sawyer, 1. Ber¬ 
nard Cohen, Gerald J. Holton, Daniel 
HL H. Ingalls, and Richard N. Frye 
have been appointed assistant prnfpN- 
SOTB. 

Summer Programs 

The Institute of Polymer Re¬ 
search and the Division of Applied 
Physics of the Polytechnic Insti¬ 
tute of Brooklyn announce the sixth 
annual scricB of summer laboratory 
courses: Industrial Applications of 
X-Ray Diffraction, to be held June 
6—17 (attendance limited to 20) ; 
Advanced X-Ray Diffraction, June 
27-July 2 (attendance limited to 
10) ; Molecular Weight Determina¬ 
tion of Polymers, June 27-July 1 
(attendance limited to 12) ; and 
Polymerization Techniques, July 25- 
29 (attendance limited to 12). In¬ 
quiries should be addressed to: Pro¬ 
fessor I. Fankuehen, Division of 
Applied Physics, Institute of 
Polymer Research, Polytechnic In¬ 
stitute of Brooklyn, 85 Livingston 
Street, Brooklyn 2, Now York. 

The American Oil Chemists’ So¬ 
ciety and the University of Illinois 

arc sponsoring a course in the pro¬ 
duction and processing of edible 
fats, at Urbana, Illinois, August 
15-10. Lectures will be held in the 
morning, symposia in the aftornoou 
and evening. A preliminary outline 
of tho program was published in the 
March Journal of the American Oil 
Chemists’ Society. 

The University of California 
Medical School announces a post¬ 
graduate course in the medical as¬ 
pects of nuclear energy, August 29- 
September 3, at the Medical Center, 
San Francisco. Joseph G. Hamil¬ 
ton, director of the Crocker Labora¬ 
tory , University of California, will 
be chairman of the course. A de¬ 
tailed program will be mailed upon 
request addressed to: Stacy R, 
Mettier, Head of Postgraduate In¬ 
struction, Medical Extension, Uni¬ 
versity of California Medical Center, 
Shu Francisco 22, 


Meetings and Elections 

The American Society of Me¬ 
chanical Engineers will hold its 
spring meeting in New London, Con¬ 
necticut, May 2—4. Papers will be 
presented on nucloar energy, ma¬ 
terials handling, power, production 
engineering, management, machine 
design, education, metals engineer¬ 
ing, heat transfer, aviation, fuels, 
textiles, gas turbines, safety, proc¬ 
ess industries, and underwater craft, 
in a program of 20 technical sessions. 
Rear Admiral Fife, Commander of 
the Submarine Force, TT. S. Atlantic 
Fleet, and James M. "Todd, ASME 
president, will speak on “The Road 
to Peace 19 at the Tuesday evening 
banquet at the Mohican Hotel, head¬ 
quarters for the meeting. 

Emil Artin, of the Department of 
Mathematics, Princeton University, 
is presenting results of his investi¬ 
gations on tho Theory of Braids, os 
a Sigma Xi national lecturer at the 
following institutions: May 5—Cor¬ 
ning Glass Works, Corning, New 
York; May 6—-University of Roches 
ter, New York ; May ] 1—University 
of Michigan, Ann Arbor; May 13— 
McGill University Montreal; May 17 
—Univorslty of Massachusetts, Am 
Iiorst; May 18—Yale University, 
New Haven, Connecticut. 

A Symposium on Fine Particles 
and Resolution will be held June 
9-11, at the Stevens Hotel, Chicago, 
under the sponsorship of Amour Re¬ 
search Foundation of the Illinois 
Institute of Technology, and the 
Physics Department of the institute. 
The symposium will be composed of 
four sessions. The session topics and 
chairman are; 11 Light Scattering" 
—P. J. Debye, Cornell University; 
J * Resolution 1 C. W. Mason, Cornell 
University; 1 * Formation and Size 
Distribution of Dispersoidi"—H, F. 
Mark, Brooklyn Polyteehnical Insti 
tute; and “Microscopy of Fine Par- 
ticles * Roblcy C. Williams, Uni¬ 
versity of Michigan. 

A group of experts will present 
formal papers or semi formal remarks 
at each session; Discussion will be 
directed by the session chairman, 
la addition to the regular sessions 
there will be instrument displays 
and a photographic exhibit including 
electron and light micvagrApJis 
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dealing with subjects that are re¬ 
lated to the symposium topics. 

The general chairmen for the sym¬ 
posium are W. C. McOrone and C. F. 
Tufts; further information may be 
had by writing them at the Ar¬ 
mour Research Foundation of Illinois 
Institute of Technology, 35 West 
33rd Street, Chicago 10. 

Questions for general discussion at 
the sessions will be considered by the 
session chairmen if the questions are 
submitted in writing prior to the day 
the symposium convenes. Such ques¬ 
tions should be addressed to the at¬ 
tention of the genera] chairmen. 
Persona wishing to participate in the 
photographic exhibit should submit 
their material before June €. Prints 
should be sent to the attention of the 
general chairmen. 

The symposium is an outgrowth of 
the highly successful Symposium on 
Electron and Light Microscopy 
(Soience, June 4, 1948) which was 
held in Chicago last year and at¬ 
tended by more than 250 scientists. 

The Pacific Division of the 
AAAS will hold its 30th annual 
meeting at the University of British 
Columbia, Vancouver, June 13-18. 
Regiatration^wiil open Monday morn 
ing at 9:00. The first general ses¬ 
sion, to be held Monday afternoon, 
will be the divisional symposium on 
‘Anthropology and Its Applications 
Jhfcfiociety. 11 On Tuesday morning 
there will be a symposium, sponsored 
by the Pacific Science Board of the 
U. S. National Research Council on 
‘‘Research Plans for the Pacific 
Area, with Special Reference to the 
Seventh Pacific .Science Congress. ’ ’ 
L. S. Crossman, president of the 
Pacific Division, will speak on 
"Early Man in the Pacific North¬ 
west" Tuesday evening. Nineteen 
associated or affiliated societies will 
participate in the meeting. G. M. 
Shrum is chairman of the Committee 
ofi Registration and Information. 
Inquiries may be addressed to him at 
the University of British Columbia, 
Department of Physics, Vancouver, 
B. 0. 

The United Nations Scientific 
Conference on the Conservation 
and Utilisation of Resources will 
open its three-week session at Lake 
Success, New York, on August 17. 
This will be the United Nations 1 


first step toward mobilising science 
for the purpose of raising the world 'e 
standard of living. The UNBCCUR 
has asked 650 scientists to prepare 
papers on subjects ranging from 
projects for producing synthetic fuels 
to harnessing the wind for electric 
power. 

The Roscoe B. Jackson Memo¬ 
rial Laboratory will commemorate 
its 20th anniversary this year. The 
theme of the commemoration will be 
‘ ‘ Twenty Years of Research at the 
Jackson Laboratory," and a series 
of papers will be given during the 
summer session in honor of C. C. 
Little, founder, and director since 
1929. There will be a reunion of 
friends of the laboratory, students, 
summer investigators, and staff mem¬ 
bers August 18th to 21st. Since some 
records were lost in the fire of 1947, 
all persons who do not receive invi¬ 
tations and who wish to attend are 
asked to write to the Chairman, Jack- 
son Laboratory 20th Commemoration, 
P. O. Box 78, Bar Harbor, Maine. 

The Brazilian Society for the Ad¬ 
vancement of Science (8BPC) hns 
been established with headquarters in 
Sao Paulo and will publish CUnoia e 
Cultura as its official periodical. The 
first annual meeting is planned for 
next October at Campinas, Bfio Paulo. 
Correspondence should be addressed 
to the Bociedade Brasileira para o 
Progresso da Cifincia, C. P. 2926, Sao 
Paulo, Brasil. 

The American Committee for 
the Seventh International Congress 
for Cell Biology held a meeting at 
Philadelphia on April 13 to consider 
plans for tho Congress which is to be 
held at Yale University September 
4-8, 1050. The honorary chairman 
of the committee is B. G. Harrison 
of the Osborn-Zoological Laboratory 
at Yale; the president of the con¬ 
gress is J. Runnstrom, of Sweden. 
A fund of $50,000 is planned, for use 
largely in bringing distinguished 
scientists to the U. S. to participate 
in the congress. 

Deaths 

Charles Taylor Vorhles, 09, head 
of the Department of Entomology 
and Economic Zoology, University of 
Arizona, died suddenly March lb In 
Washington, D. C. while attending 


meetings of the National Wildlife 
Federation. 

Willard H. Dow, 52, chemical en¬ 
gineer and president of the Dow 
Chemical Company, died March 31 in 
a plane crash at London, Ontario. 

Sir Hugh S. Gladstone, 71, orni¬ 
thologist and author of many books 
on bird life, died April 5 in Thorn¬ 
hill, Scotland. 

Sydney Ball, 71, mining geologist 
and consulting mineralogist to the 
U. S. Bureau of Minos, died in New 
York City on April 8. In 1907 Mr. 
Boll headed an expedition that 
opened up one of the world's largest 
diamond mines in the Belgian Congo. 

Eugene H. Pool, 74, consulting 
surgeon and former professor of clin¬ 
ical surgery at tho Cornell University 
Medical College, died April 9. Dr. 
Pool had alBO served as president of 
the New York Academy of Medicine 
and the American College of Physi¬ 
cians and Surgeons. 


The Economic Cooperation Ad¬ 
ministration has financed the pur 
chase of $9,000,000 worth of strep 
tomycin by Marshall Plan countries. 
It is also financing the acquisition of 
American equipment worth $500,000 
for reconstructing two streptomycin- 
producing plants in France. 

Life insurance companies of the 
United States and Canada will con 
tribute $680,000 during the coming 
year for research in heart disease. 
Of this amount, $585,300 has been 
awarded as grants-in-aid to 35 uni- 
versitios and research centers. The 
remaining $64,700 was allocated for 
27 research fellowships In the field of 
heart disease. 

Make Plans for— 

Symposium on Luminescence, 
sponsored by the Electronics Divi¬ 
sion, Electrochemical Society, May 
5-7, Philadelphia, Pennsylvania. 

Mathematical Association of 
America, annual meeting of the 
Indiana Section, May 7, University 
of Norte Dame, South Bend. 

Indiana Academy of Science, an¬ 
nual meeting, May 18-14, OBfty 
Falla State Park, Madison. 
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A Background for Biological Studies with Radioiodine 

William T. Salter 

Laboratories of Pharmacology and Toxicology, Yale University School of Medicine 


P EOPLE WHO MAKE HISTORY, it ia said, 
do not have the time to read it. Nevertheless, 
a little perspective ifi a good thing in assessing 
the value of one's work and in indieating which experi¬ 
ments it is important to pursue. This is particularly 
true of thyroid physiology because of the rapid speed 
with which studies involving radioactive iodine have 
progressed. For instance, my monograph published 
in 1940 (21) includes this statement: 

Radiation Therapy with Radioactive Iodine . It 
has been suggested by a number of investigators that 
in thyroid hyperplasia and neoplasia It might be 
possible to treat the disease with iodine, which, being 
radioactive, would be trapped in the thyroid tissue 
and would disintegrate there close to the site of the 
proliferating cells. . . . 

It is interesting thut this pipe dream, which seemed 
on the edge of the fantastic at the turn of the present 
decade, is now rapidly coming true. 

Correlation with the past. Anyone familiar with 
investigations in iodine over a period of yean be¬ 
comes impressed by the fact that often the left hand 
doth not know what the right hand doeth. An il¬ 
lustration is the discovery of iodine, nearly one hun¬ 
dred and forty years ago. During the Napoleonic 
Wars the emperor was short of nitre with which to 
make gun powder, and hie government subsidized a 
lot of little people known as salpetriers whose busi¬ 
ness it was to produce saltpeter. This they made from 
potash and later from kelp or a seaweed which they 
called le varech in the French vernacular. In 1011, a 
little manufacturer named Courtois discovered (6) 
that there was something in the liquors derived from 
his seaweed ash which corroded the copper lining of 
the vats. Out of this industrial problem came the 
isolation of a purple substance which the eminent 
French chemist Gay-Lussac (0) called iodine, from the 
Greek word k&fep which means violet-Uke, 

By 1820 the Swiss physician Goindet (5) had pub¬ 
lished his classic paper on "Dicouverte d'tm nouveau 
rem&de contre le goitre.” This remedy soon became so 
popular that in the French Midi legislation was passed 
prohibiting the indiscriminate use of the material. 
Everybody knew that iodine, which came from sea¬ 
weed, was a remedy against goiter. Nevertheless, 
when Baumann (1) in 1895 published his classic pa¬ 


per "ftber das Normals Vorkommen von Jod im 
Thierkorper” he Bald, “Ale ich diese Beobacktung 
luerst maehte , glaubte ich an alles Andere eher, ah 
doss Jod meiner Substans angehore" (When first I 
made this observation, nothing was further from my 
mind, than that iodine was connected with my ma¬ 
terial). 

Physical biology v». biological physics . Speaking 
with nuclear physicists, biophysicists, clinicians, and 
various people associated through a common interest 
in radioiodine, one cannot help being impressed by 
the fact that a comprehensive view of the problem 
often would greatly assist their work. The physicist, 
for example, tends to imagine a human body built up 
of relays of electric bulbs, wire springs, and steel 
supports. He evolves theories about this imaginary 
robot which do not really fit the circumstances of 
flesh and blood. The clinician, on the other hand, 
is often just as remiss in bis naive way of applying 
physical tools to a tracer problem. 1 One of the im¬ 
portant consequences of the symposia that ore fre¬ 
quently held today on biological radioactivity is the 
opportunity they present for a meeting of minds 
reared under variegated disciplines. 

Questions to be ashed and answered. An important 
question that I hope will be brought out in modern 
investigations is the question of the sweet reason¬ 
ableness of the results. In other words, how do the 
data newly presented hanamae with the old facts 
established by classical eherai6id'‘tabethodBT In a re¬ 
cent review (24) I have attempted to interpret in 
physiologic terms Borne of the data on radioactivity 
now in the literature. Unfortunately, a good many 
findings are entirely empiric and have no obvious 
physiologic meaning. In part this is due to the fact 
that the data on radioactivity have not been integrated 
with a supportive program of biochemical study. 
Furthermore, in part the data derived by isotope 
studies have been confused by technical problems. 

This betrayal of the scientist by his armamentarium 
is no new problem. About 1850, for example, the 
French scientist Chatin developed a mieromethod for 
measuring iodine. He applied it in a comprehensive 
study of the waters of the various Valleys of the 
Rhone, the Seine, and other rivers of France. Out 
of this work he drew the surprisingly dear statement 
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(4) that the principal cause of goiter and cretinism 
was an insufficiency of iodine. Moreover, he went on 
to say that it would be a simple matter to reinforce 
the deficient sources of water supply with mineralized 
solutions of iodide (.V). His fellow scientists tried 
to apply his method and failed. Finally, the French 
Academy surveyed these results and concluded that 
Chatin’s work was not tenable. The poor man ended 
his career in disappointment and frustration; and the 
world remained indifferent to this important etiolog¬ 
ical factor in goiter until in rather recent decades the 
work of Marine (14) , McClendon (15) and others 
eminently confirmed Chatin’s hypothesis. 

Similarly one finds today that, because of the in¬ 
adequacy of biochemical and radioactive techniques, 
our modem scientists frequently disavow conclusions 
which are plainly true in the Light of data established 
by the older classical methods. 

The integration of older observations with modern 
findings . Chatin’s contemporaries laid too much em¬ 
phasis upon negative technical findings. In so doing 
they ignored a train of independent observations 
covering a span of 17 centuries. I cun mention only 
a few of these. In the first century A.D., Pliny the 
Elder (18) noted that goiter occurred in certain 
localities and stated that the waters of these resembled 
the land. “Tales Bunt aquae quale s terrae, per quas 
ftuunt " In medieval times sponge had been used to 
treat goiter (26) , and later had been incorporated in 
the “Coventry” treatment used in 18th century Eng¬ 
land (27). In Renaissance times Michelangelo (16) 
complained to his friend Giovanni da Pistoja that he 
had grown a goiter while painting in the Sistine 
Chapel—just as a cat in Lombardy might: 

I 'ho gla fatto un gozzo In questo e ten to, 
come fa l'acqua a’*gstti in Lombardia, 
ower d’altro paese ehe si aia, * 
ch f a fores, il ventre apyneea eotto il men to. 

I've grown a goiter by dwelling in this den— 

As cats from stagnant streams in Lombardy, 

Or in what other Land they hap to be— 

Which drives the belly close beneath the chin. 

In 1812 Courtois (fi) had discovered iodine in sea¬ 
weed, and in 1809 the London Medical Dictionary 
(17) had recommended sea water to treat goiter. 
One wonders, now, how the leading French scientists 
dared to discredit Chatin’s conclusions. Of course,, 
hindsight is ever more lucid that foresight and it is all 
too easy to scoff in retrospect. As he picks up his 
beautiful new tool, however, it is well for the modem 
biologist to remind himself how subtly and completely 
a fascination for gadgets can betray sound sense. 

Evaluation of tools and methods. Part of the dif¬ 
ficulty lies in a misplaced confidence in one’s technique, 


or perhaps a failure to appraise the limitations of 
methodology. Again, history supplies an illusLratiou. 
In 1848, King (10) at Guy’s Hospital in London had 
hypothecated the existence of an internal secretion de¬ 
rived from the thyroid: 

... we may one day be able to shew, that a par¬ 
ticular material principle is slowly formed and 
partially kept in reserve; and that this principle in 
also supplementary when poured into the descending 
cava, to important subsequent functions in the course 
of circulation. 

Moreover about 1883, the rival Swiss surgeons Kocher 
of Rome and Reverdin of Geneva had agreed (11, 20) 
that the more nearly complete their thyroidectomy, the 
worse for the patient ultimately. After Sir William 
Gull (P) had described the widespread tissue changes 
in human myxedema and Fox (7) and Mackenzie 
(13) had demonstrated the reversal of these change^ 
by the feeding of thyroid, Baumann (J) showed that 
the essential substance “thyroidin” contained iodine. 
It should have been obvious that an iodine-contuming 
hormone normally circulates in the blood stream. 
Nevertheless, as late as 1014 it was believed (2) that 
the normal plasma contained no iodine in organic 
combination. The discrepancy was resolved only after 
improved techniques had been devised. Similarly, in 
the present decade the earlier publications on radio¬ 
active iodine frequently constituted pharmacologic 
rather than physiologic endeavors; because too much 
carrier (inert) iodide accompanied the so-called 
“tracer.” Therefore, we must endeavor to bring out 
the answer to the question; How do these data harmo¬ 
nize with the established knowledge of thyroid physi¬ 
ology and iodine metabolism already developed pain¬ 
stakingly by classical methods of biochemistry f 
Newer knowledge. We must also ask what new 
concepts have evolved from the use of radioactive 
iodine that were not established earlier. Obviously 
this new tool—perhaps the most important scientific 
weapon Bmce the discovery of the microscope—pro¬ 
vides the opportunity for a kaleidoscopic or cine¬ 
matographic picture of metabolic events. By making 
repeated observations in a single animal or man, one 
can obtain a picture which formerly would have re¬ 
quired the sacrifice of whole series of test animals. 
Nevertheless, it is a little disappointing to find some 
modern isotope-minded physiologists oontent with de¬ 
veloping a series of data and proclaiming conclusions 
which are already well established in the literature of 
thirty years ago. Granted that the older data were 
built of painstaking analyses on single animals and the 
composite picture which had to be drawn therefrom; 
yet the final concepts—the heart of the problem— 
often have already been resolved by older techniques. 
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This problem of rediscovering what was long since 
established is not new. In October 1863 the eminent 
French clinician Trousseau (25) inadvertently gave a 
patient with exophthalmic goiter some tincture of 
iodine when he meant to write tincture of digitalis on 
the prescription blank. He did this because he 
knew subconsciously that iodine was traditionally a 
bad drug for theBe people. When the patient re¬ 
turned to his office, however, she was much improved. 
Discovering his mistake, the physician changed to 
tincture of digitalis and the patient rapidly became 
worse. In short, before the time of the American 
War between the States it had been demonstrated 
dearly that iodine was a good remedy in hyperthy¬ 
roidism. Nevertheless, when Henry Plummer (19) 
in the third decade of this century emphasized the use 
of iodine in such eases, the world hailed this as a 
novel approach. Circumstances change but the gen 
era] pattern is the same. Men do over and over again 
what their predecessors did two generations ahead of 
them because the train of history is lost. 

One of the most important things which the isotope 
technique can give us, besides localization of the ma¬ 
terial anatomically, is the indication of its rate of 
metabolic turnover. Such measurements, however, 
cannot be established through isotopes alone. In 
order to establish turnover rates it is usually neces¬ 
sary to have simultaneous measurements of both stable 
isotope and tracer. It is surprising how many physi¬ 
ologists, biochemists, and clinical investigators still 
rely solely on determining radioactivity, without sup 
portive biochemical analyses of the classical type. 

Combined chemical and physical approaches. There 
is a tendency in present-day tracer studies to rely on 
biophysical measurements alone, without accompany - 
ing chemical identification (either qualitative or quan¬ 
titative) of the substance under observation. For in¬ 
stance, the thyroid gland normally contains iodine in 
three chemical forms; but rarely are they separated 
before measurements of radioactivity are made (12). 
Moreover, the fact is frequently overlooked that in 
order to interpret measuremectfea of radioactivity, si¬ 
multaneous measurements must be made of the inert 
iodine present. In other words, it is frequently neces¬ 
sary to know the specific radioactivity of the chemical 
substance or fraction under study. Consider the blood 
plasma of the normal rat, with a steady concentration 
of "hormonal” iodine H. at about 2.6 micrograms per¬ 
cent. If one is to estimate the turnover rate of this 
hormone by administering radioiodide, one must com¬ 
bine data on radioactivity with miorochemical analyses 
because the hormonal concentration represents a dy¬ 
namic equilibrium (22). As fast as a little new radio¬ 
active hormone is formed, part of it is metabolised to¬ 


gether with the previously extant hormone. This re¬ 
lationship is represented by the equation 

dS / _L\ dL 

dt hJ = dt 1 

where H is the newly formed hormone and L the 
labeled hormone unexpended. At any given moment 
L can be evaluated from measurements of A, the 
radioactivity observed, and from a, the specific radio¬ 
activity of the body’s reserve of iodide. As a first 
approximation, these can be described by the following 
equations: 

- d log a , 

di~~ ~ 

dL _ dA _ kt dA 
dt ~ a dt ~ ' 8 1 df 

Once L has been evaluated, the amount of newiy made 
hormone can be calculated easily because 

j). 

The ultimate solution for turnover rate, therefore, in¬ 
volves Borne sort of multiple integration. Without 
this mathematical approach much of the work which 
has appeared in the last few years cannot be inter¬ 
preted physiologically (23). In general, for work 
with biological systems one cannot be content with 
isolated physical measurements presented on an em¬ 
pirical basis. 

At this juncture, therefore, it is well to stop and 
think in terms of our accumulated knowledge of iodine 
metabolism and of thyroid physiology. Let us ferret 
out those new developments and new concepts for 
which the use of radioiodine is directly responsible. 
Let us inquire carefully into technical problems and 
means of solving them; but let us not be so diverted 
with gadgets that we forget the purposes which these 
tools might serve. Let us remember that biophysical 
methods must be adapted to the organism rather than 
the organism warped to fit oversimplified physical 
theory. If we bear these points in mind, we shall 
be able to bring out the answers to our chief questions, 
namely: 1) How has radioiodine improved our knowl¬ 
edge of iodine metabolism and of the physiology and 
the therapy of the thyroid T and 2) How do the results 
harmonize with past experience f If we understand 
dearly the answers to these questions it will be obvious 
what work must be done to make progress along 
modern biological lines. 

Adapted from a paper presented at tils Symposium on 
Radioiodine held at Broohhaven National Laboratory, 
Upton , New York during July 1948 . 
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Standardization of Radioactive Iodine 

Sergei Feitelberg 

Physics Laboratory, Mount Sinai Hospital, New York City 


T he techniques and instrumenta¬ 
tion of standardisation that are to be de¬ 
scribed here are those available generally in 
Laboratories equipped for work with radioactive ma¬ 
terials in biology and medicine. Problems that can be 
solved by specialized and more complicated methods in 
a purely physical laboratory will be discussed only in 
a general way; however, such measurements as can 
and should be performed by every user of radioactive 
materials, especially 1-131, will be presented in more 
detail. 

The standardization^ of a physical object involves 
first of all a description of the measurement procedure 
and a definition of the unit to be used. The two are, 
however, not necessarily independent of each other; 
and we usually are free to select more than one pro¬ 
cedure and unit. 

Let us consider a piece of steel, We can stand¬ 
ardize it by weighing, and the unit which we will as¬ 
sign to it by this procedure may be the kilogram. As 
is true of every good physical unit, there are several 
well-known measurement procedures for comparing 
our piece of Bteel to the physically permanent stand¬ 
ard kilogram. The “weight” is an adequate stand¬ 
ardization result if we want to use the piece of steel 
as ballast in a ship. Should we want it for casting, 
however, weight will not be the information required; 
we shall need its volume, expressed, let us say, in ml. 
To measure this directly is rather more complicated 
than weighing; we should not be permitted to use 


density, since “density” implies that a volume mea 
Burement and weighing have been performed on the 
identical steel at least once previously. If we plan 
to use the piece of steel as an armor plate, we shall 
need a different standardization, its thickness in cm, 
which can be easily measured by a micrometer. The 
situation will become more involved if we are to use 
the steel as a gamma-ruy absorber. The micrometer, 
which gives the thickness in cm, will be very useful us 
long as we use the same steel alloy. But if we use 
different steel alloys, or even different materials, we 
find that the simple absorption equation is complicated 
by a coefficient that is characteristic for every material 
and varies widely. We know from our experience 
that the variation of this coefficient is reduced by at 
least one order of magnitude if we standardize the 
thickness of absorbing materials in g/cm B instead of 
cm. Such standardization involves more complicated 
measure men be than the simple use of a micrometer. 
Yet this is what we do, for reasons familiar to ub all. 

The purpose of this example is to recall the multi¬ 
tude of possible standardizations On the same physical 
object and to show 1) how availability and simplicity 
of measurement procedures may determine the selec¬ 
tion of units, and 2) that, depending on the ultimate 
use and application of the information supplied by 
standardization, one system of units may he exchanged 
for another, for simplicity and convenience* 

In working with short-Hved radioactive isotopes, a 
gravimetric unit for standardization is practically im- 
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possible. One hundred pg of 1-131, the smallest 
amount that can be weighed with reasonable precision, 
has, after filtration of beta radiation, a gamma radi¬ 
ation equal in ionization to about 15 p of radium. 
Such large amounts were undreamed of only a few 
yean ago, and their handling is too hazardous for 
routine procedures. We had to work with very minute 
quantities, which oouid be detected and measured with 
the G-M tube. 

The G-M tube indicates single radiation events asso¬ 
ciated with nuclear disintegrations. It seems natural, 
therefore, that, at a time when only small quantities 
of radioactive isotopes were available, most easily 
detected and measured by the G-M tube, a unit based 
on the disintegration rate was proposed and came into 
general use. This unit was derived from the curie— 
the amount of any nuclide of the radium family in 
secular equilibrium with 1 g of radium, It is hence 
derived from a gravimetric unit. 

In selecting a disintegration rate unit for radio¬ 
active isotopes, it appeared natural at first to tie it 
in with radium measurements and to use as the unit 
a disintegration rate equal to the disintegration rate 
of one curie of radium. The disintegration rate of 
radium, however, is not known to better than about 
i% accuracy. A number close to the experimental 
value was chosen, therefore, and was used in the defi¬ 
nition: 1 millicurie of a radioactive isotope is the 
amount in which, at the time of measurement, 37 mil¬ 
lion disintegrations occur per second. 

One of the objections raised against the use of the 
disintegration rate me was the possibility of confusion 
with the radium me. Condon and Curtiss have pro¬ 
posed the rutherford (rd), defined as 1 million dis¬ 
integrations per second. I do not feel that the possi¬ 
bility of confusion is sufficiently serious to warrant 
the introduction of a new name and unit. Any stand¬ 
ardization result always reads: if x units of y isotope,’ 1 
Whenever y is not radium, we know that disintegra¬ 
tion rate is meant. It is scarcely worth while to differ¬ 
entiate the disintegration rate me by a prefix as “iso¬ 
tope me/' The numerical simplicity of the “ruther- 
ford” is an even slighter advantage. 

After this lengthy introduction we can approach 
our proper subject: standardization of radioiodine, 
Before we discuss how we can use the me unit, let us 
look at Fig. 1, summarizing the results of standardiza¬ 
tions performed in 70 different laboratories in this 
country on samples of equal content of 1-191 (third 
iatmomparison by the National Bureau of Stand¬ 
ards). This offers quite a dismal picture. The stand¬ 
ard deviation is about 30%; the range is from 43 to 
lBGt about 1:4, almost an order of magnitude. 

Obviously, standardization is not a simple pro¬ 


cedure. Yet it is an extremely important one. If a 
worker at the upper end of the frequency plot reports 
a certain dosage for treatment of a given disease, and 
a worker at the lower end makes use of this dosage 



MSD/ML 

Fin. 1. Frequency distribution plot of ■tandardlutlon 
results by 70 laboratories (third Intercom par Iron conducted 
by the National Bureau of Standards), 

information, he will give four times the effective dose, 
will possibly exceed the therapeutic latitude, and will 
get deleterious results (permanent hypothyroidism, for 
instance, in treatment of Graves’ disease). 

We can make some fairly good guesses at the rea¬ 
sons for this wide spread, 

There are actually several factors involved, and for 
purposes of discussion we may differentiate three 
groups among the 70 laboratories: 1) those making 
their own primary measurements; 2) those comparing 
the counts from a standardization sample of a long- 
lived radioactive isotope with the counts from the 
1-131 sample to.be standardized; and 3) those cali¬ 
brating their measurement equipment with a sample 
of 1-131 standardized by a laboratory of group 1 or 2. 

The spread of the NBS intercomparison is obviously 
due to the discrepancies in the determinations of 
groups 1 quod 2, on which are superimposed the errors 
of group 3. The discrepancies in the results of the 
workers in group 1 mirror the actual difficulties of 
absolute standardization in millicuries. Theoretically, 
the best and apparently the most direct method of dis¬ 
integration' rate determination is that of coincidence 
counting. However, this has the serious disadvantage 
that it* correct use presupposes knowledge of the ex¬ 
act disintegration scheme. The disintegration scheme 
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of 1-131 that we had formerly assumed to be correct 
is now in doubt. This uncertainty makes the results 
of coincidence measurements doubtful. 

A second method of absolute standardization in me 
is based on the ionization produced by gamma radi¬ 
ation of 1-131. If the old disintegration scheme were 
correct, and we could assume no internal conversion 
of the 80-kev photons, a 1-mc-sample of 1-131 would 
produce 0.285 mr per hr at 1 m in air. The new dis¬ 
integration scheme, accepting an incidence of a 650- 
kev gamma-ray transition, would increase this figure 
by at least 5%; and it would affect the results of 
coincidence measurements to an even higher degree. 

The difference between NBS and Oak Ridge (coinci¬ 
dence measurements) on one hand, and the Memorial 
Hospital values (gamma ionization) on the other hand 
is at present about 20%. When the uncertainty in 
the disintegration scheme is overcome, we may expect 
this difference to disappear. 

I shall not discuss the technical details of the abso¬ 
lute standardizations just described because they are 
normally beyond the scope of laboratories with a bio¬ 
logical orientation. But I want to emphasize that we 
have encountered what 1 believe to be one funda¬ 
mental difficulty involved in the use of the me unit: 
in order to use it in the standardization of Hn isotope 
sample we need a considerable amount of information 
about the isotope's nuclear behavior, which we do not 
have for most isotopes. 

Workers of group 2 have new difficulties, due to the 
different energies of the radiations of the long-lived 
reference standard and of 1-131. The beta energy 
nf RaD + E standard, for instance, is much higher 
than the beta energy of 1-131. This brings about not 
only an increased error in the extrapolation for zero 
absorber, but introduces errors due to the difference 
in counter efficiency at different energies, and alro 
differences in scattering. All this necessitates compli¬ 
cated corrections, with the possibility of a considerable 
cumulative error. 

There is, at least theoretically, absolution for the 
method of group 2: the preparation of a long-lived 
isotope standard with a radiation of type and energy 
close to that of 1-131. A 3.5-year-half-life isotope of 
thalium (Tl—206) disintegrates by beta emission of 
0.87 Mev, which is close to the 1-131 beta energy of 
0.687 Mev. 1-131 samples, compared with such ,a 
standard using suitable filters for gamma background 
correction, may give values requiring only small cor¬ 
rection factors for the characteristics of the G-M tube 
and the material and geometry of the shelf setup. 
The ideal solution would be a mixture of long-lived 
isotopes, all of which have the same half-life, and 
which emit beta- and gamma-rays iso-energetic with 


1-131; however, such a mixture does not appear 
feasible. 

An essential advantage of group 2 methods, apart 
from the difficulties and uncertainties which have been 
discussed, is the availability of a permanent reference 
standard which insures against short or long term 
fluctuations in the sensitivity of measuring equipment 
and against losing the calibration when replacing or 
changing such equipment. 

We come now to group 3, which is our proper 
domain: standardization by use of instruments cali¬ 
brated against a “known" 1-131 sample. We have to 
keep in mind, of eonrBe, the errors and uncertainties 
in the measurements of group 1 or 2, who have sup¬ 
plied the sample. 

As a first example, we may take the simplest situa¬ 
tion which occurs in tracer work: we want to measure 
the excretion of 1-131 after oral administration of a 
tracer dose. We will keep an aliquot of the admin¬ 
istered solution as reference sample, and measure the 
excretion in urine against the known standard. This 
will not only eliminate automatically the decay factor, 
but it will also take care of long term instability of 
our G-M setup. There will be one very impor¬ 
tant precaution to be observed: there must be com¬ 
plete identity in the preparation and handling, and 
in the physical and geometrical counting setups of the 
reference standard and the measured sample. If we 
use dried samples in order to obtain maximum sensi¬ 
tivity, we risk variations not only in self-absorption 
but also in loss of 1-131 from the two samples, due to 
differences in drying, pH, etc., between the standard 
and the urine samples. Loss of iodine is a serious 
source of error in working with dried samples. I sus¬ 
pect, for instance, that the lower values iu Fig. 1 (in- 
tercomparison by the National Bureau of Standards) 
is due to the use of dried samples with the concomitant 
loss of active material. 

It is simpler to eliminate this error by the use of 
liquid samples. G-M tube setups with adequate sensi¬ 
tivity have been devised for this wwrk—concentric 
gamma counters (Marinelli), and mixed beta and 
gamma counting; UBing liquid samples with thin glass 
wall cylindrical G-M tubes or with bell type counters 
of sufficiently large diameter. When using liquid sam¬ 
ples, the danger of losing some iodine is reduced, but 
not eliminated. Here the main factor is pH. In the 
preparation of samples from the alkaline 1-131 solu¬ 
tion supplied by Oak Ridge, we found it best to dilute 
with distilled water only, checking with indicator 
paper. 

The usefulness of a known standardised 1-131 sam¬ 
ple for direct comparison ends in a few weeks because 
of radioactive decay. We might attempt to maintain 
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the direct comparison method by preparing a second¬ 
ary, tertiary, etc,., 1-131 standard sample. But the 
errors will accumulate and in a few months we would 
expect a considerable drift from the original standard. 
We would, therefore, prefer to obtain a permanent 
calibration of our equipment on the basis of the origi¬ 
nal known sample. But the G-M tubes, which we hold 
in such a high esteem because of their sensitivity, are 
rather unreliable as far as the permanence of their 
calibration goes. Their counting efficiency is subject 
to many fluctuations, due to such factors as tempera¬ 
ture, air pressure, and aging. To some extent, these 



INIERCOMPARISONS AT MONTHLY INTERVALS 


Fig. 2. Results of standardisation by seven New York 
laboratories. Plain circles, G-M tube measurements ; stippled 
circles, Ionisation chamber measurements. 


fluctuations can be taken into account by frequent 
check (several times daily) against a radium source. 

When using such radium check, several points must 
be considered. Radium buttons of luminescent paint 
are unreliable because of the erratic loss of radon. 
Gluss ampules with radium chloride solution, supplied 
by the NBS are adequate, but they are inconvenient 
to handle, and fragile. I have prepared sources with 
a few micrograms of radium by sealing radium paint 
in glass tubes and mounting the tubes in metal con¬ 
tainers i inch in diameter and 1 inch long. They are 
convenient to handle, since it is easy to place them in 
a reproducible position with respect to the counter 
by drilling a i-inch hole somewhere in the counter 
Betup. The sources have proved satisfactory in our 
own and in two other laboratories. 

The use of a radium check improves the constancy 
of the G-M tube calibration, but does not make it per¬ 
fect or permanent; there is no reason to assume that 
the counting efficiency ratio of the G-M tube between 
the hard gamma radiation of radium and the softer 
gamma radiation and beta radiation of 1-131 remains 


constant throughout the useful tube life. Using a 
radium check, one may expect a steady drift of the 
calibration. The use of a radium sample as a check 
is therefore an improvement, especially for abort 
periods; but it is not a final solution. When a G-M 
tube is replaced, even by the same type of the same 
manufacturer, a new calibration against a “fresh" 
known 1-131 sample ib required. 

Fig. 2 illustrates the degree of consistency in stand¬ 
ardization practice that can be achieved between sev¬ 
eral independent laboratories using this method of 
calibrating equipment against a known sample. 

Seven laboratories in New York City 1 have con¬ 
ducted monthly intercomparisons during the last five 
months. The radkriodine samples used in the original 
calibrations were standardized by the Memorial Hos¬ 
pital. In the third NBS intercoiupnrison, we were 
all on the main peak of the frequency distribution 
plot (Fig. 1) and had a standard deviation of 3.5% 
among the seven laboratories. In Fig. 2, summarizing 
our local inlercomparisons, the open circles represent 
G-M counting measurements. After the second inter- 
comparison, Memorial Hospital corrected absorption 
extrapolations, and is now 10% below the mean based 
on the original Memorial vnlues. The standardization 
results are within 5% of the mean. I believe, how¬ 
ever, that without future recnlibrntion these G-M val¬ 
ues will drift apart. 

I feel convinced that the solution of our problem 
is the replacement of the highly sensitive and some¬ 
what temperamental G-M tube by a less sensitive but 
more rugged and reliable instrument for purposes of 
standardization, such as the ionization chamber. 

The required sensitivity is dictated today, not by the 
available amounts of once scarce isotopes, but by 
health hazards in handling. Since it iB relatively safe 
to handle a few hundred lie of 1-131, the great sensi¬ 
tivity of the G-M tube is not required. The sensitivity 
of an ordinary thimble chamber, however, is not great 
enough. 

Carl B. Bra catnip has designed An ionization cham¬ 
ber of suitable sensitivity for use with 1-131, which is 
illustrated in Fig. 3. This chamber can be used with 
any conventional electrometer of the Victoreen type. 
The 1-131 sample is introduced into the chamber en¬ 
closed in a glass test tube. Correction factors for dif¬ 
ference in' volume of the sample are less than 4% up 
to 6 ml. The sensitivity is such that about 400 pc of 

1 Columbia University, Radiological Research Laboratory, 
G. Fallla (Ionisation measurements) and E. Qnlmby (G-M 
counting) ; Memorial Hospital and Bloan Kettering I nett tote, 
L, Marinelll; Montetiore Hospital, EJ. Oshry; Mount Binal 
Hospital, S. Pel tel berg; New York City Department of Hos¬ 
pitals, C. B. Breettrup; Veterans Administration Hospital. 
R, YaUow, 
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1-131 give the optimal discharge of 3/5ths of the 
Victoraen scale in 10 min. 



Pig. a. Ionization chamber for gamma emitting isotopes, 
designed by Carl B. Braestrnp. The chamber Is made of 
hrHBfl, outside diameter 4 Inches. 


Another type of ionization chamber instrument has 
been designed by Failla; Among other advantages it 
can also be need with pure beta emitters. However, it 
iB rather expensive and not yet available commercially. 

The essential advantage of ionization chambers is 
their simplicity, ruggedness and reproducibility. Once 
a Braestrnp or Failla chamber is calibrated against 
a known radioiodine sample, it can be relied upon 
to give reproducible readings. Now the electrometer 
becomes the course of uncertainty, but we can elim¬ 
inate this factor by checking against a radium source 


of 100 to 200 |ig, which incidentally also compensates 
for variations due to air pressure and temperature 
changes. 

The stippled circles in Fig. 2 are results of ioniza¬ 
tion chamber standardizations. They are within 3% 
of the mean. Radium checks, which have not been 
used yet for these measurements, may improve the 
consistency even further. 

What precision in standardization do we need in 
biological workf The answer lies in the biological 
factors involved. For instance, the biological infor¬ 
mation for calculating dosage to the thyroid gland has 
a probable error of the order of 30%. We certainly 
do not want to have a physical error of similar mag¬ 
nitude superimposed on this. However, it would be 
unreasonable to require the errors in the standardiza¬ 
tion measurements to be less than an order of mag¬ 
nitude below the errors in the estimate of the biolog¬ 
ical factors. This means that we want the standardi¬ 
zations to be reliable within 3 to 5%, about what we 
expect in standardization of an X-ray machine. 

If I may refer again to the intercomparison work 
of the New York laboratories, it appears that this 
precision can be achieved without undue difficulty, par¬ 
ticularly when using ionization chambers. However, 
this pertains to relative and not to absolute measure¬ 
ments. We certainly do not believe that our New 
York me comes within 6% of 37 million disintegra¬ 
tions per sec. 

What is the ultimate purpose of the standardization 
informationf It is two-fold: 1) to obtain a common 
denominator among all the workers, so that the ex¬ 
perience of one group can be used by others, and so 
that the experience of all can be pooled in order to 
arrive at an empirically determined dosage; 2) to link 
the experience of internal radiation using radioiodine 
with the employment of other modalities of radiation 
therapy. 

The present state of the art permits the accomplish¬ 
ment of the first purpose. I believe that one of the 
national agencies concerned with this work should 
initiate on a national scale a project similar to that 
undertaken by the New York laboratories at city level. 
In addition to supplying uniform standardized sam¬ 
ples at regular intervals, such a project would also 
make available critique and advice on standardization 
practice to worker? who find difficulties in achieving 
reproducible results. For this purpose it is irrelevant 
what 1-131 me unit is used. It should be possible, 
within a few months, to reduce the national spread to 
a standard deviation of at most 5%. We in New 
York will shift from our somewhat arbitrary but, we 
believe, consistent and reproducible “New York roc” to 
any value on which there is such national agreement 



May 6, 1949, VoL 109 


SCIENCE 


461 


The second purpose is linked with absolute measure¬ 
ments, An arbitrary me dose does not permit us to 
use with confidence the factors necessary for calcu¬ 
lating- energy absorption in tissue (rep). Discrepan¬ 
cies in primary absolute measurements arc consider¬ 
able, We may have to wait until these discrepancies 
are resolved, and until the disintegration scheme of 
t-131 is thoroughly established. However, there is 
another solution. We could take, for instance, the 
New York me and measure the energy emitted for such 
a unit of 1-131. If such measurements were avail¬ 
able (I believe that they are being made at present), 
we could calculate dosage in roentgen equivalents, and 
the mo with its inherent uncertainty would cancel out. 

In this connection, I would like to recall to you 
Failla's suggestion for a unit of radioactive isotopes, 
which he calls '‘ruth," for Rutherford: one ruth is the 
amount of any radioactive isotope that emits ionizing 
radiation at the rate of one erg per sec. Since I be¬ 
lieve that the ionization chamber will replace the G-M 
tube as a standardization instrument, it seems to me 
that the disintegration rate unit will lose its useful¬ 
ness. It is not very practical to use a unit which im¬ 
plies disintegration rate measurements if the actual 
standardization practice measures the amount of ion¬ 


ization and does not count the number of ionising 
events. But this is not the opportunity to recapitu¬ 
late Fail la's arguments, with which I personally agree. 
The main advantage of the ruth, 1 think, is that a unit 
based on energy emission furnishes more directly the 
information which we, os consumers of atomic energy, 
ultimately require. 

I have attempted to present the material necessary 
for the evaluation of standardization procedures and 
for the accomplishment of reproducible comparison 
measurements. Our main effort in standardization 
work should be directed toward a uniform standardiza¬ 
tion, although this may be for the time being on the 
basis of a standard which is to some extent arbitrary. 
All of us can contribute to this limited objective. 

The question of absolute standardization is the 
domain of a smaller group. The majority of us will 
have to wait for their results. But I hope that I may 
speak for this majority if I define what kind of result 
we need from absolute measurements: it is a result 
that will permit us to compute energy absorption of 
ionizing radiations of radioactive iodine in tissue. 

Based on a paper presented at the Symposium on 
Radioactive Iodine held at Brookhaven National Labo¬ 
ratory , Upton, New York in July 1948 . 


Interstellar Polarization, Galactic Magnetic 
Fields, and Ferromagnetism 


Lyman Spitzer, Jr,, and John W. Tukey 1 

Princeton University 

O bservations by w. a. Hiitum (,?, 6) 

and J. S. Hall (4) indicate that starlight 
becomes plane polarized in its passage 
through interstellar space. The effect increases with 
increasing distance, and according to Hall's data 
amounts to about 5 percent (=c°- 0B ) difference in in¬ 
tensity between the two plane-polarized components 
for a star whose color excess is 0.50 magnitude. Since 
the color excess is known to be about one-ninth the 
total absorption (which thus amounts to (2.512)- 4 -* 
= s -41 for such a star), the absorption must vary by 
somewhat more than one percent with the plane of 
polarization, 

Such polarizing absorption would exist if needle- 
shaped particles, of dimensions comparable with a 

i The author* are Indebted to On. John Tnrkevltoh, John 
Wheeler, and Dugans P. Wlgner tor generous and helpful 

pummentN. 


wavelength of visible light, were present in inter¬ 
stellar space, and were oriented by some force. The 
ratio of the scattering cross sections of such needles 
for the two planes of polarization would be appre¬ 
ciable; according to the theory by R. Gans (5), for 
a small prolate spheroid with a length twice its di¬ 
ameter, this ratio is 2.74 if the refractive index in 
the spheroid equals 2.5. Thus a relatively small 
number of needles could produce the observed effect. 

Two .difficulties seem to stand in the way of this 
explanation: the origin of the needles and their orien¬ 
tation. If we accept as a working hypothesis: (1) the 
existence of small ferromagnetic particles, which, ex¬ 
isting &b individual domains, are intensely magnetic; 
and (2) the existence of magnetic fields in interstellar 
space with systematic components as great as 1(H 
gauss ", then these difficulties disappear. The first of 
these suppositions appears reasonable from an exten- 
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eion of the theory of J. Oort and H. G. van de Holst 
(5) on the origin and growth of interstellar grains, 
while the fields proposed are of the order of those 
recently postulated by E. Fermi {2) in his theory of 
the origin of cosmio rays. 

According to Oort and van de Hulst, the interstellar 
grains grow by the accretion of atoms and evaporate 
on mutual impact when two clouds collide. Differ¬ 
ences between the different molecules within a grain 
ere not considered in the original form of this theory, 
but in most collisions the more volatile components 
must evaporate preferentially, thus concentrating the 
heavier atoms. 

The relative numbers of different atoms other than 
H inside the grain may be taken aa: 0—100, C—40, 
N—40, Fe—10, Si—8, Mg—fi, S—0, and others—J 
or leas. Most of these elements will be chemically 
bound with H, which is overwhelmingly the most 
abundant element in interstellar space, or with O. 
Thus when the grain is heated, most of these ele¬ 
ments will go off as volatile hydrogen or oxygen 
compounds, leaving primarily Fe and Mg atoms and 
oxides, and some SiO z , some Si going off as SiH 4 . 
It is uncertain whether Fe and Mg will be left in 
the metallic phase, since they may be expected to 
form oxides by interaction with O or with H 2 0 be¬ 
fore these are lost by evaporation. FeO seems less 
likely than Fe a 0 4 or Fe 2 O a , in view of the high rela¬ 
tive abundance of O. Fo a 0 4 is a well-known ferro¬ 
magnetic substance, and Fe 2 O fl , when precipitated 
from a water solution, tends to form cubic crystals 
which are ferromagnetic. 2 Magnesium iron spinel, 
MgFegOj, is also known to be ferromagnetic (0). 
Thus, the production of ferromagnetic grains by this 
process seems likely. » 

Theory and observation (f, 7) both, indicate that 
small ferromagnetic particles, of radius about 10~ fl cm 
or leas, form single domains, uniformly magnetized. 
For somewhat larger particles the information is less 
definite, but it would appear tha.t ferromagnetic par¬ 
ticles of radius 2 x 10~ E cm are likely also to constitute 
single domains. 2 Furthermore, it is likely that an 
appreciable number of such particles would stick to¬ 
gether on impact and form elongated particles, since 
the mutual energy involved vastly exceeds the thermal 

1 We are Indebted to Dr. L. W. McKeeban for this In for- * 
■nation. 

1 We are Indebted to Dr. C. Klttel for this Information. 


energy. For nearly spherical grains the parallel, end- 
to-end orientation provides much the larger inter¬ 
action energy, and is therefore more probable, 

Next we consider the orientation of such grains. 
The energy of orientation of a gram in a magnetic 
field of strength H is about HIV , where the volume V 
may be taken as 2 x 10 -14 cm 1 for a cylinder 1.5 x 10" B 
cm in radius and 3 x 10~ s cm in length. The intensity 
of magnetization I is about 10* gauss in a ferromag¬ 
netic domain. With H equal to 10~ fi gauss, this orien¬ 
tation energy is 2 x 10" ia ergs, as compared with a 
value of about 10~ 15 ergs for kT at 10° absolute, a not 
unreasonable value inside a dense obscuring cloud. 
While Fermi’s assumed magnetic fields would have 
different values in different clouds, the average number 
of cloudB in the line of sight to a star 500 parsecs 
away is only 3 to 4, and the average net \H\ perpen¬ 
dicular to the line of sight should be about 4 the 
rms H. 

It is evident that production and partial orientation 
of ferromagnetic grains in interstellar space is at least 
consistent with present astrophysioal theory. Since 
the indiaes of refraction for pure Fe a 0 8 , MgO, and 
MgFe z 0 4 are about 3, 1.7, and 2.3, respectively, such 
particles would scatter light more effectively than the 
conventional ice particles discussed by Oort and van 
de Hulst. Thus the rntio of the number of oriented 
ferromagnetic needles to the number of unoriented 
grains of comparable size need be only a small frac¬ 
tion of n percent to explain the polarization observa¬ 
tions. Obviously, further observations are needed, 
and much theoretical work remains to be done, both 
on the chemistry of the fusion process, and on the 
subsequent magnetic and optical properties of the 
resultant grains, before the suggestions presented here 
can be regarded as more than a working hypothesis. 
If additional research confirms the present picture, it 
may become possible to obtain direct experimental evi¬ 
dence on the magnitudes and directions of magnetic 
fields in interstellar space. 
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TECHNICAL PAPERS 


Effect of Swine Influenza Virus on the 
Viscosity of the Egg-white Inhibitor 
of Hemagglutination 1 

Edward A. Eckert, Frank Lanni, Dorothy Beard, 
and J. W. Board 

Department of Surgery , 

Duke University School of Medicine, 

Durham, North Carolina 

Egg-white (EW) contains a component which i1 a 
capable of combining with influenza virus and inhibiting 
the agglutinative reaction of virus with BBC (J, 5-6). 
Furthermore, untreated purified swine influenza virus is 
capable of destroying the EW Inhibitor, but suitably 
heated virus is essentially devoid of such destructive 
capacity (7). Thus far, the destruction of inhibitor by 
virus, which has aspects of an enzymatic action, has been 
inferred only from Indirect experiments based on the 
hemagglutination phenomenon. Recently, it has been ob¬ 
served, as described briefly in the present report, that 
virus exerts a profound effect on the viscosity of solu¬ 
tions of semlpurifled EW inhibitor. 

Bemlpurifled inhibitor preparations were obtained from 
EW by repeated precipitation at pH 5-7 and extraction 
of the precipitate with 0.06 M phosphate buffer at pH 
7.2 (<S). Typical extracts, which were 40 to 60 times as 
active as EW on a nitrogen basis, contained 25 to 150 
y N and 50 to 125 y carbohydrate 1 per ml; one prepara¬ 
tion, A17S PHI El, whioh was 41 times as active as EW, 
contained 150 y N per ml and 12.5% N on the basis of 
dry weight. The inhibitor was nondialylzable and gave 
qualitative tests for protein. The swine influenza virus 
was a freshly purified preparation, obtained as previously 
described (10), containing 400 y N per toil and char¬ 
acterized by a 60% endpoint infectious unit of 10-**-* 
g N. The viscosity experiments were carried out in 
capillary viscometers (9) at 29.78° G. 

The relative viscosity of preparation A178 PHI El was 
found to bo lineaT with respect to concentration over the 
range from 0 to 150 y N per ml and had the value 1.255 
at 100 y N per ml Assuming a density of 1.99 for the 
viscous component of this preparation, one may calculate 
a minimal viscosity increment (4) of approximately 400, 
a value considerably greater than that whieh is obtained 
with ordinary proteine (4). From this result one may 
infer the presence of a highly asymmetric component. 

1 Thls work was aided by a grant to Duke University from 
Lederle Laboratories Inc,, Pearl River, N. Y., and by the 
Dorothy Beard Research Fund, 

■Determined with the ore In o I reagent and calculated ae 
glucose. 


The effect of untreated, purified swine influenza virus 
on the viscosity of inhibitor solutions is shown in Fig. 1. 
The rate of decrease in viscosity is initially rapid, falling 
to a low value within a few minutes. The terminal vis¬ 
cosity (after 24 hr) of virus inhibitor mixtures was ap¬ 
proximately 1.01, corresponding to a reduction of 80 to 
90% in the specific viscosity (relative viscosity -1). 
This terminal value was essentially independent of the 
initial virus concentration. 



Fiq. 1. Effect of heated and uu heated purified swine In¬ 
fluenza virus on the viscosity of solutions of purified BW 
Inhibitor. The virus preparation contained 200 y N per ml 
(2.2 mg virus per ml). The volume of virus preparation 
Indicated In the chart was added to 10 ml of the Inhibitor 
preparation A180 PHI containing B0 y N per ml. 

In an experiment of a different sort, 0,24 ml virus at 
a concentration of 200 y N, or 2,200 y virus par ml, was 
mixed with 10 ml inhibitor solution containing 30 y N 
per ml with a relative viscosity of 1,0815, and the reaction 
was followed in the viscometer. After 25 min, when 
the relative viscosity was 1,0685 and was changing slowly, 
5 ml reaction mixture was mixed with 5 ml fresh in¬ 
hibitor solution. This process was repeated three more 
times. With each addition of fresh inhibitor there 
occurred a buret of activity as manifested in a rapid 
initial fall in viscosity. While it Is difficult to interpret 
the results precisely at the present time, the experiment 
gave no evidence of saturation of the viscosity reducing 
capacity, .of the virus preparation. The activity of the 
fresh inhibitor solution wns such that A quantity of 10 
ml would have been capable of Inhibiting the hemaggluti- 
natlng activity of approximately 90 mg of virus heated 
30 min at 53° C In concentration of 1 y N pet ml. 
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Fig. 1 shows also that heating the purified virus prepa¬ 
ration for different periods at 08° 0 progressively re¬ 
duces the capacity of the virus to cause a decrease in 
viscosity. These results with heated virus have a corre¬ 
late in the reduction of the inhibitor destroying capacity 
of virus consequent to heating (7). 

Studios of the effect of convalescent antiewine influenza 
swine serum showed that a quantity of serum capable 
of neutralising completely the hemagglutinative activity 
of the virus prevented completely the typical effect of 
virus on inhibitor viscosity. The same amount of normal 
swine serum was somewhat less effective. The depend¬ 
ence of the rate of viscosity reduction on virus concentra¬ 
tion and on the state of the virus, i.e, f whether the virus 
was heated or not heated, as well ns the absence of vis¬ 
cosity changes in the presence of immune serum, suggests 
that the reduction in viscosity is related to an interaction 
of the virus particles themselves with the viscous com¬ 
ponent of inhibitor solutions. 

There are several reasons for supposing that the rela¬ 
tionship of the EW inhibitor of hemagglutination to the 
viscous component of solutions of purified inhibitor is one 
of identity: (a) both the inhibitor and the viscous com¬ 
ponent appear capable of interacting with virus; (b) 
both suffer a change when treated with unheated virus, 
and both are less susceptible to action by heated virus; 
(c) the viscous component has probably a high molecular 
weight, and it is likely that any material of high molecu¬ 
lar weight which is capable of combining with virus 
would be capable also of inhibiting virus hemagglutina¬ 
tion; and (d) the specific viscosity of the two purified 
inhibitor preparations, A178 Pill El and A190 PET, 
which have been studied in detail, is proportional to the 
inhibitory activity. Calculated on a nitrogen basis, the 
activities of these preparations were 41 and 00 times, 
respectively, that of EW, and the specific viscosities at 
30 y N per ml were 0.075 and 0 . 103 . This proportion¬ 
ality bocomea a valid test when it ia considered that the 
viscosity of purified inhibitor solutions is contributed 
chiefly by a component (or components) which is suscep¬ 
tible to virus action, as inferred from the low terminal 
viscosities of virus inhibitor mixtures. 

The reduction In viscosity induced by virus may be 
interpreted as a reduction in the asymmetry of the mole¬ 
cules (or particles) susceptible to virus action. There 
are several obvious and quite different ways by which 
such a change in shape could be achieved; (a) the mole¬ 
cules could be fragmented across the long axis; (b) they 
could be made to fold or coil without change In size; 
(c) they could be made to condense with one another 
with simultaneous increase in size and decrease in asym¬ 
metry; and (d) they could form suitable stable complexes 
with virus particles. Of these ways, the first three could 
be thought to depend on an enzymatic action of the 
virus, while the fourth could be regarded as a process 
of stable aggregation of inhibitor molecules and virus 
particles. Support for the latter explanation is provided 
by the observation (tf) that a precipitate forms at inter¬ 
faces between EW and purified virus preparations. No 


definite evidence of precipitation has been obtained, how¬ 
ever, in the present experiments with dilute solutions of 
purified inhibitor; Rnd since inhibitor virus mixtures 
which have been incubated for long periods possess con¬ 
siderable hemagglutinative activity, comparable to that 
of uninhibited virus, it is likely that the virus separates 
from the viscous component after interaction. Accord¬ 
ingly, an enzymatic hypothesis of virus function offers 
the most reasonable explanation at the present time of 
the virus induced reduction in viscosity of solutions of 
purified inhibitor. This hypothesis is compatible also 
with the rotative independence of the terminal viscosity 
on initial virus concentration and with the failure of 
repeated additions of fresh Inhibitor solution to affect 
appreciably tlie viscosity reducing capacity of virus. 

If the above Interpretation is correct, the present ob¬ 
servations provide the most direct demonstration, so far 
as we are aware, of an enzymatic action of influenza virus 
on a relatively pure and simple substrate. It should be 
mentioned that several previous attempts (1, £) at such a 
direct demonstration have failed.'' 
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A New Human Hereditary Blood Property 
(Celiano) Present in 99.8% of all Bloods 

Philip Levine, May Backer, Milton Wigod, end 
Ruth Ponder ‘ 

Blood Testing Laboratory, Ortho Research Foundation, 
Raritan , New Jersey, and 

the Nassau Hospital Laboratory, Minaola, New York 

A new agglutinogen of human blood was recently ob¬ 
served with the aid of on immune agglutinin produced by 
a mother of on infant with a mild form of hemolytic 
disease. 1 This antibody, which behaves like a "warm” 
agglutinin (d), is remarkable because of the unusually 

1 The diagnosis was made by Dr. Erie Ponder on the basis 
of cllnlCAl and hematologic studies. 


■While this paper was In press, D. W. Woolcy {J, <\rp. 
Med,, 1940, A, 11) reported changes In the viscosity of ery¬ 
throcyte ertracts on treatment with Influensa virus A (FR8 

strain). 
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high incidence of positive reactions (99.8%) in tests of 
2600 blood specimens submitted for Rh testing. When 
first studied in May 1047, its titer at B7° C, in saline, was 
1:04 and 18 months later its activity was only slightly 
diminished (1:32). Its titer was 1:1 at 20 D C and 1:4 
at 5* C. Absorption experiments with numerous blood 
specimens of different antigenic structure indicate that 
the high incidence of positive reactions is attributable to 
the action of a single antibody. 

For want of a better name, this blood factor will be 
referred to by the patient’s name, Cellano’', and Its 
antibody as anti-Cellano. 11 

Of the 2500 blood specimens tested with auti-Cellano, 
more than 90% were from women whose Rh negative blood 
was submitted for antibody determination. Excluding the 
blood of the immunised mother, only five were found to 
lack the Cellano factor (0.2%). The antigenic structure 
in these five and in the patient 'b blood is given below: 

Reactions with Anti- 

ih;e c 

AN + + o + Rh pos. (Rhi) 

O MN o o u + Rh neg. 

AM o o o + Rh neg. 

A MN ooo+ Rh neg. 

O MN ooo+ Rh neg. 

B M + + o + Rh pos. (Rh x ) 


The findings in the family of Julian K., whose blood 
lacks tbe factor, follow: 

Reactions with Anti- 


D C E c Cellano 


Father: 

John K., Sr. O MN + + + + Rh pos. (Rh,Rli B ) + 
Mother: 

Mary K. AB M o o o + Rh neg. + 

Children: 

1. John A MN + o + + Rh pos. (Rhj,) + 

2. Julian B M + + o + Rh pos. (Rhx) o 

3. Mrs. I. 8. A M + + o + Rh pos. (Rh,) + 

4. Mrs. A. G. A M + + o + Rh pos. (RhO + 

5. Mrs. A. V. A M + + o + Rh pos. (Rh,) o 

0. Frank B M + + o + Rh pos. (Rh,) o 

7. Andrew A MN + + o + Rh pos. (Rh,) + 

B. Josephine A MN + + o + Rh pos. (Rh,) + 


Apparently, both parents are heterozygous for the 
factor so that 26% erf the offspring are expected to be 
Cellano negative. Of the eight children tested, three were 
found to lack this new property. 1 

Assuming the presence of two genes at a particular 
locus on one of the chromosomes, their Incidence could be 
calculated as follows: 

Let Y = gene determining the presence of the Cellano 
factor and y = gene determining the absence of the Cellano 
factor 

1 For these specimens the authors are Indebted to Mr. 
Ren«on Rosenberg, Elisabeth Biochemical Laboratory, Eliza¬ 
beth, New Jersey, who also tested B60 random blood speci¬ 
mens, all of which contained the Cellano factor. 


Then (I) Y + p -1 

(2) y - VCellano negative = V.002 = 

.045 = 4.5% 

(3) Y =1-.045 = 0.956 =95.6% 

(4) F* + 2Fj/ + y* = 1 

(5) (.955)“ + 2(.955) (.046) + (.045)*= 1 

(0) Cellano homozygous =.912 or 91.2% 

Cellano heterozygous = .086 or 8,0% 

Cellano negative = .002 or 0.2% 

Blood lacking the factor can be expected only in the 
offspring of the following matingB; 

Yy x Yy = 8.0 x 8.0 =0.74% of all matings (1:135) 

SYyxyy =2(8.6) (0.2) =0.03% of all matings (1:3333) 

yyxyy - (0.2) (0.2) = 0.0004% of all matings 

(1 :250,000) 

In the remaining matings (99.23%), all the offspring 
must be Cellano positive. 

In a series of 150 Negroes, all blood specimens were 
found to contain the Cellano factor. 

In the white population of the United States, the Cel¬ 
lano factor has a greater incidence than any other factor, 
exceeding the factor e (h") by 2.8% (7). In this con¬ 
nection, it may be noted that in American Indians (J), 
and Chinese (ff), the D factor (Rh«) has an incidence 
of 09% or higher, and certain races of American Indians 
are almost exclusively of group O. 

Correlated studies indicate that the Cellano factor is 
independent of the AB, MN, and Rh-Hr systems. This 
view was confirmed in a study of the Cellano serum made 
available to Dr. R. R. Race and his colleagues («). 

A list of Cellano negative blood is being prepared fo^ 
the purpose of identification of other antibodies which 
are characterized by a high Incidence of positive reactions. 
Such blood would be essential for transfusing those rare 
patients who may have produced this antibody and also 
for transfusing their affected infants. ; 

The genetic hoznologue of the Cellano factor, when 
found, would be a blood property present in B.0% of tht 
same population of which 0.2% would be homozygous 
and 8.0% heterozygous. Two human antibodies have been 
described which do give a frequency of positive reactions 
closely approximating this value (anti-Lutheran 8% and 
anti-Kell 7%) (jff, 1). 

Parallel tests on the above-mentioned family with the 
anti-Cellano serum and two specimens of anti-Kell serum, 
one of which was supplied by Dr. R. R. Race, show that 
the genes for Cellano and Kell antigens are alleles (£). 
The findings indicate that both parents are heterozygous 
for Kell as well os for Cellano. This would, lead to an 
expectation among their offspring of J Kell positive and 
1 Kell negative. In exact agreement with this, and in 
striking contrast to the frequency of 8.8% calculated to 
exist in the entire population, six of the eight children 
were Kell positive. 

For the sake of uniformity, the letters ** K M and 1 * k ,'' 
already used by the British workers for the genes de¬ 
termining 'Kell positive and Kell negative reactions re¬ 
spectively, will be retained (d). The observations with 
anti-Cellano, indicate that the gene % can now be con¬ 
sidered as indicating the presence of the Cellano factor. 
As in the esse of M and N and the three Rh-Hr systems, 


1. Patient Cellano 

2. Mrs. B. M. 

3. Mrs. B. H. 

4. Mrs. R. C. 

5. Mrs. L. 

0. Julian K. 
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there are three genotypes (EK, Kle, hk) corresponding to 
three phenotypes. 
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A New Time Scale for Kymograph 
Recording 

Frederick Frans 1 

Consulting Mechanical Engineer, New Haven , Connecticut 

In laboratory experiments involving the kymograph 
recording of biological responses a time line is generally 
traced on the smoked paper, together with the experi¬ 
mental record. This time line allowB the observer to 
correlate the observed phenomenon with absolute time. 



Fid. I. 'The new Interval timer for kymograph recording, 
In use. 


With the usual equipment available in the laboratory, 
tracing this time line involves the use of signal mag¬ 
nets, dry cells, and a signal source. Failure on the part 
of any of these units leads to inconveniences. When the 
signal source is centrally located and is used by several 

M am grateful to Dr. Warren H. Yudkln (now at Cam¬ 
bridge University, England) for pointing out the Inconveni¬ 
ences of older methods and for requesting a solution of the 
problem, and to Dr. Edgar J. Boell of Yale University for 
making available to me facilities for testing the timer and 
for his helpful ndvlfto. 


investigators in different experiments, the adjustment of 
the signal may not be suitable for all. To overcome these 
troubles, a small instrument which is independent of such 
auxiliary apparatus has recently been developed. This 
instrument is a small self-contained unit (Fig. 1) which 
will trace a characteristic time scale when plugged into 


A C 



B D 

Fig. 2. Four exam pirn of the new time scale for kymo¬ 
graph recording, llluHtrntlng its enormous range. The upper 
bane line Indicates Intervals of 1 sec (long lines) and % sec 
(short lines). The lower base line similarly Indicates 1-mln 
and 10-sec Intervals. Note that, at very slow drum speeds, 
the 1-sec and Mi-sec divisions merge Into 'n solid phalanx. 
(A) At drum speed of 0.5 mra/mln. (H) At drum speed of 
10 mm/rnln. (C) At drum speed of 200 mm/inln. (D) At 
drum speed of 3000 min/mln. 

any 110-volt, 60-cyele circuit. Although the intervals on 
this scale are not adjustable, the form of the time scale 
traced makes it suitable for use over a wide range of 
kymograph speeds. (See Fig. 2.) 

The instrument used to trace the time scale operates 
as follows: Two very light atyli (A and B in Fig. 3) 
spaced 4 mm apart trace the base lines. The upper stylus 
(A) is struck from above by an impactor (C) at a rate 
of five impacts per sec. Every fifth Impact is heavier 
than the others. T^is results in the tracing of a longer 
line than the others. Thus 1-Bec division lines are traced, 
each divided by four shorter lines representing 1/5-sec 
intervals. These lihhs attend downward “Thim the upper 
base line. The lower stylus (B) is struck from below by 



Fig. 3. The new Interval timer for kymograph recording, 
as seen from the rear with cover removed. 

another impactor (D) at a rate of one impact in 10 sec, 
eaeh sixth impact being heavier than the others. Thhs 
1-min division lines are traced, each minute being divided 
into six divisions of 10 sec each. These lines extend 
upward from the lower base line. The adjustment is 
such that the 1-min and 10-sec divisions align exactly 
with the corresponding 1-sec division lines. The im¬ 
pactor s are operated by cams (B and F) driven by a 
small self-starting synchronous motor. The accuracy of 
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the intervals i§ ensured by the 60-cycle alternating 
current. 

Both imp actors follow a path of motion which is 
oblique to the deflection of the styli lovers. The object 
ndlieved by this disposition of the imp actors is the dis¬ 
sipation of sufficient energy by frictional contact to pre¬ 
vent rebound, which would cause the tracing of fuzzy 
division lines between intervals. The impactors are light 
In weight and do not striko the styli until they have 
reached their maximum velocity, Their high velocity is 
then transmitted to the styli, ensuring shnTp graduations. 

Records made with this instrument are shown in Fig. 2. 
It ia apparent that, at either moderately slow or moder¬ 
ately fast speeds of the kymograph drum, the time scale 
traced on the paper can be read clearly. Due to the 
nature of this timo scale no adjustment of the intervals 
traced by this instrument is necessary when changing 
drum speeds within very wide HmitB. 

A new nonadjustable interval timer is described which 
traces a characteristic time scale on kymograph records 
(Fig. 2). The distinctive nature of the time scnle traced 
allows its use on most records of moderate speed. It 
records intervals from 1/5 sec to 1 min. The timer 
described ia a self-contained unit which requires no dry 
cells or signal magnet but merely an electricity supply of 
110-volt, 60-cycle alternating current. 

Induction of Cytogenetic Changes 
and Atypical Growth by 
Hexachlorocydohexane 

Dontcho Kostotf 

Inttltnle of Applbd Biology oud Organic Development, 
Academy of Science t, So/id, Bulgaria 

We have treated with insecticides containing hexa¬ 
chlorocydohexane the seedlings of the following plants: 
Zea mays , Tritioum vulgare, T. monoooocum, T. oompao- 
tum, S scale cereals, Setgria italica , Panioum miliaceujn , 
Selianthus annuus, Orepis capillarity Vida /aba, V. 
tativa, Braseioa nigra, etc. The insecticides chiefly used 
were: Agrocide 7, Agrocide 8, hexachlorane, 666. The 
main active substance of the first two is the gamma isomer 
of l,2,3,4,5,6-h6xachloTOcy0lfthexan6. The others contain 
gamma isomer and sothe of the other isomers. Crystals of 
almost pure gamma isomer display the Same activity as 
these. 

The cytological studies of the affected root, stem, and 
coleoptile tissues show that the agents act first upon the 
cytoplasm and interfere with the eytoplasnilo processes 
involved In the formation of achromatic figures. The 
chromosomes do not arrange in an equatorial (meta- 
phhse) plate after prophase, hut remain scattered ap¬ 
proximately as they are during the prophase. They 
appear less bent than usual. The thickening of the chro¬ 
mosomes and their reproduction and splitting proceed, 
regardlese of the fact that the processes involved in the 


formation of achromatic figures are highly disturbed or 
even entirely inhibited. Foies are not formed. After 
reproduction, the chromatolytic (nucleoproteolytio) proc¬ 
esses proceed, and a nucleus is formed containing twice 
as many chromosomes as at the start of the abnormal mi¬ 
totic processes, The main trend of the processes of 
chromosome doubling recalls those induced by colchicine, 
acenaphthene, and other polyploidixing agents. 

Since the insecticide continues to act furthor, the next 
abnormal (Ab-) mitosis ends with a second chromosome 
doubling, and so on. Thus tetraploid and octuploid cells 
and cells of a much higher polyploid degree are formed. 
Along with these, certain diploid cells that have not yet 
undergone Ab-mitosis can still be found. 

Chromosome multiplication leadB to increase in the 
size and occasionally in the number of the nucloi and 
further to increase in the size of the cells. Thus the 
cells grow instead of multiplying and differentiating, 
bringing about the swelling of the roots, stems, and 
coleop tiles. 

The chromosome reproduction and separation in Zea 
mays should bo considered as a somewhat special caae- 
We have observed in a series of cells that the chroma¬ 
tids of the somatic chromosomes bend at the centromeres 
reciprocally toward each other, each being shaped like a 
V, and together forming a X, the chromatids being at 
tached at the centromere. These figures can be inter¬ 
preted by postulating certain repulsion forces existing 
between the chromatids, the reproduction (or division) of 
the centromere being somewhat delayed. This phenome¬ 
non occurs when the chromatic figure is highly or com¬ 
pletely disturbed. In other words, it does not seem to be 
regulated to a very great extent by the forces exerted by 
the achromatic figure. 

The solubility of hexachlorocydohexane in water is 
very low; therefore, it is applied in the form of small 
solid particles. The particles act when they are in con¬ 
tact with the plant tissue. It has a specific odor, but the 
experiments failed when we tried to induce < rfptttififc ~ 
atypical growth from a distance. In this respoct its 
effect differed from that of acenaphthene. For the sub¬ 
limating particles of khe acenaphthene act even when the 
crystals axe not in contact with the plant tiseue. 

The effect of hexachlorocydohexane is so striking that 
it can be used as a polyploidizing agent, especially when 
one considers that it is much cheaper than other such 
agents. 

In certain cases one or more chromosome groups may 
move slightly in various directions into the cytoplasm. 
Such a slight separation may occasionally end in the 
formation of two- or more aneuplold nuclei; thus poly- 
nudeate cells or cells with monstrously deformed nuclei 
arise. In certain cases a cell wall is formed between 
such nuclei. This leads to the formation of cells with 
aneuplold ehromoiome numbers. Dead cells were occa¬ 
sionally found In the roots, stems, and coleoptiles; they 
may have been aneuplold. 

All these phenomena are due to the activity of the 
agent upon the cytoplasm. 

The active agent may also induce certain changes in 
the nudenr elements, i.e., in the chromosomes. Ohromo- 



466 


SCIENCE 


May 6, 1949, Vol. 109 


tid and chromosome fragments were also observed, al¬ 
though rarely. 

Such insecticides or fungicides, when applied, may in¬ 
crease hereditary changes in cultivated varieties ("pure 
lines' 1 ), leading thus to more rapid degeneration of the 
highly bred, uniform varieties. This means that when 
such insecticides or fungicides are applied the seeds of the 
propagated varieties should be changed more often so as 
to secure new nondegenerated stocks. 


Rumen Bacteria in Cobait-Deficient Sheep 

Lorraine S. Gall , 1 S. E. Smith, D. E, Becker, 

C. N. Stark, and J. K. Loo*Li 

Cornell University, Ithaca, Nmw York, 
and Ohio Experiment Station, Wootter 

In 1044, McCance and Widdowson (4) suggested that 
cobalt may function in connection with the rumen bac¬ 
teria. This view was based on a communication from 
C. J. Martin who stated that sheep suffering from 
‘ ‘ Coast Disease 11 were cured by feeding cobalt but not 
by cobalt injection, Cobalt deficiency does not occur in 
horses, according to Marston (J). Attempts to produce 
cobalt deficiency in rats ( 3, S) and in rabbits (7) have 
been unsuccessful. Thompson and Ellis believe that 
cobalt is needed only by ruminants and that it may be 
concerned with biological processes in the rumen. Re¬ 
cently, Ray et al. (5) observed a definite response in 
hemoglobin and gain in weight in cob alt-deficient sheep 
injected with cobalt, but the response was much less 
than in animals fed cobalt. 

In an attempt to obtain direct evidence which might 
show with some certainty whether or not cobalt de¬ 
ficiency influenced the bacteria of the rumen, studies 
were undertaken to measure the bacterial activity of 
rumen samples. Twenty-one Western yearling sheep be¬ 
came cobalt-deficient after being fed a ration low In 
cobalt foT 8 months. At this time the sheep were losing 
weight, and had poor appetites and low hemoglobin 
values (6). These sheep were then divided into three 
equal groups. The first group was fed 1 mg of cobalt 
per day, while the second received the same amount of 
cobalt by injection. The remaining seven sheep were 
kept on the deficient ration. After I week sheep fed 
cobalt were gaining weight, and had good appetites 
and increased hemoglobin values, while those on the 
basal ration alone or those injected with cobalt con¬ 
tinued to decline. At this time the rumen contents of 
four sheep from each group were sampled by stomach 
tube for bacteriological study, and the remaining sheep 
were sampled the following week. Six additional sheep 
were maintained for 1 month on a restricted feed in¬ 
take comparable to that of the cobalt-deficient sheep. 
These sheep were then sampled to determine the effect 
of lowered feed Intake per *e on rumen bacteria, The 

1 Formerly at Ohio Experiment Station. (Present address: 
National Dairy Bene arch Laboratories, Inc.; Oakdale, Long 
Jhlnnd, N. Y.) 


sheep received adequate cobalt in the ration and ate 
60% or more of the ration eaten by the sheep fed cobalt. 
The kinds mid number of bacteria present in the rumen 
contents of the four groups of sheep were compared by 
means of Gram stains, direct slide counts, and anaerobic 
cultures (1). 

The results of the slide counts and cultural tests are 
summarized in Table 1. 

TABLE 1 

Influence or Diet ON Rumen Bactbhu 


Dietary 

ffroup 


No. of 
HnIniulH 


Bacterial Cultural results—No. 
slide growing In dilutions 
count 10-■* 10-* 10-® 10-“ 10 J1 


Cobalt-deficient 
Cobalt Injected 
Cobalt fed 
Restricted feed 
Intake 


7 

7 

7 


Ml lions/am 
80.2 7 

80.7 7 

54.8 7 


7 2 0 0 
5 3 0 0 
7 7 0 2 


so. a 


Culturally, there were major differences between the 
dietary groups. The samples from sheep fed cobalt 
gave the highest cultural counts, all cases showing 
growth in the lO - * dilution, 5 in 10~ 10 , and 2 in 10 11 
dilution of "rumen contents. In marked contrast, only 
2 cobalt-deficient and 3 cobalt-injected animals showed 
bacterial growth in the 10^° dilution, and neither group 
gave growth above this dilution. Bacteriologically, sheep 
on restricted feed intake but fed sufficient cobalt re¬ 
sembled those fed cobalt and unlimited feed. Both the 
kinds and numbers of bacteria in the rumen content of 
sheep fed cobalt resembled those of sheep fed normal 
rations (I). 

It can be seen by slide count that cobalt-fed sheep had 
almost twice as many bacteria per g of rumen contents 
as cobalt-deficient and cobalt-injected animals. The bac¬ 
terial slide count of sheep on restricted feed intake was 
about the same as that of sheep fed cobalt.. 

Gram stains of samples were identified only by number, 
which had no significance to the examiner, but after 
microscopic study it was possible, on the basis of the 
stains alone, to separate cobalt-deficient sheep from 
cobalt-fed animals. In 5 out of 7 cases, Gram stains 
from cobalt-injected sheep weTe grouped with cobalt- 
deficient sheep; while in the other two instances, the 
bacterial picture was not clearly typical of either group. 

Gram stains from sheep fed cobalt were characterised 
by the usual wide variety of bacteria with large num¬ 
bers of Gram-positive, slender curved rods, and cocooid 
types of bacteria covering the fibers, which were in an 
advanced stage of decomposition. The slides from 
cobalt-deficient and cobalt-injected sheep were recognised 
because of a complete lack of slender curved Tods, and 
a great reduction in the numbers of coceoid forms on 
the fibers. The fibers were only slightly disintegrated. 
The differences in the bacterial picture between the 
groupe lay more In the absence of these bacteria in 
cobalt-deficient and cobalt-injected animals than In a 
complete change of flora. Gram stains from sheep on 
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restricted feed intake were similar to those of animals 
fed cobalt. 

These data show that in cobalt deficiency marked al¬ 
terations occur in the types and numbers of bacteria in 
ruminants and that these bacteriological changes are not 
caused by lowered feed intake of the deficient animals, 
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Spectrophocometrk Determination of 
Amino Acids by the Ninhydrin 
Reaction 

William H. Fitzpatrick 

Medical Nutrition Laboratory, U. S. Army, Chicago 

In view of the growing interest in the separation of 
amino acids by partition paper chromatography ( 1, 2, J, 
4, 7, 8) f studies have been made to determine if a quanti¬ 
tative relationship might be established in the colorimetric 
reaction between ninhydrin and the amino acids. Harding 
and MacLean (5) first developed this reaction and later 
(6) condemned it as a colorimetric method for amino 
acid determination. In mixtures of amino acids they 
found a lack of specificity and a variation in the red %nd 
blue colors produced in the reaction, since ammonia and 
amines other than amino acids formed similar colors with 
ninhydrin. 

Solutions of IB amino acids were prepared by dissolving 
2 mg of each in 80% ethanol. The ninhydrin reagent was 
prepared by dissolving 200 mg of ninhydrin in 100 ml of 
isobutanol. Fifty y of attach amino acid were placed into 
a test tube, 2 ml of ninhydrin reagent added, and the 
total volume made up to 10 ml with isobutanol. It was 
observed in many trials that the color would develop by 
itself at room temperature. However, to make conditions 
uniform, all tubes were incubated at 80* C for 3 min, 
removed, and cooled under running water to 22* 0 for 8 
min. Each tube was then immediately placed in a Cole¬ 
man No. 6 spectrophotometer, and the transmission deter¬ 
mined at 10 Btyi intervals between 400 and 700 nq* against 
a standard containing 2 ml of ninhydrin reagent sad 8 
ml of isobutanol until the inflection point was approached 
when the measurements were made at 6 nqi intervals. 


The wavelengths corresponding to the inflection points 
in the wavelength % transmission curves of amino acids 
are presented in Table 1. 

TABLE 1 

Wavelength of Maximum Ahhohdtion of Amino Acids 
Reacted with Ninhydrin 


Amino acid 

Wave¬ 

length 

In mu 

Allilun ng|ri 

Wave¬ 
length 
In mii 

Phenylalanine 

030 

Glycine 

085 

Lysine 

548 

Methionine 

50(1 

Threonine 

5S0 

Valine 

560 

Tryptophane 

550 

Arginine 

500 

Alanine 

580 

NorvaUne 

500 

Asparagine 

BOO 

1 Rolen cine 

005 

Leucine 

550 




Serial dilutions of the amino acids were made and, after 
reaction with ninhydrin, measured spectrophotometrlcally 
at the appropriate wavelength. The quantitative limits 
in y, within which it appears possible to measure spec- 
trophotometrically amino acids which have reacted with 
ninhydrin under the described conditions, that is, the 
limits at which the points of a plot of concentration vb. 
logarithm of transmission fall on a straight line, are 
presented in Table 2. 

TABLE 2 

Limits of the Hpecthophotometric Determination of 
Amino Acids Reacted with Ninhydrin* 


Amino acid 

Concen¬ 
tration 
<-y per 100 

ml) 

Amino arid 

Concen¬ 
tration 
(v per 100 

ml) 

Phenylalanine 

10-140 

Threonine 

2Q-1BO 

Isoleuclne 

20-125 

Tryptophane 

20-200 

Leucine 

10-100 

Glycine 

10- B0 

Lysine 

5- 00 

Alanine 

10- 80 

Methionine 

10-100 

Asparagine 

20-1B0 

Valine 

10-100 

Norvallne 

10- 70 

Arginine 

20-100 




* Within these limits the transmission was a straight line, 

From the results of these determinations it appears 
feasible to adapt these studies to the quantitative estima¬ 
tion of amino acids separated by the partition paper 
chromatographic mfethod, Transmission curves could be 
determined, and the quantities of specific amino acid 
present thereby measured in appropriate dilution. 
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Book Reviews 


Tbe conqumit and colonization of Yucatan, 1517—IJ JO. 

(Publ. 582.) Robert B. Chamberlain. Washington, 

D. 0.: Carnegie Institution, 1948. Pp. vii+ 365, (Il¬ 
lustrated.) 64.75, paper; 65.50, cloth. 

In any historical or scientific writing, the background 
of the author plays an important part. Probably few 
historians in the American field have a more imposing 
background in the history of Spanish conquests than 
Robert Chamberlain. The number of bibliographical 
works concerning Spanish conquests in Yucatan, espe¬ 
cially by those conquistadores, the Montejos, have largely 
resulted from Robert Chamberlain's researches. This 
book may be regarded as the consolidation of a whole 
aeries of accomplishments in this direction. 

The author has pointed out the great importance of an 
exhaustive work concerning the conquest of Yucatan. 
This phase of the New World enterprises of the Spanish 
is certainly the least known of any. The conquest of 
the Valley of Mexico and of the surrounding peoples 
has been exhaustively chronicled from several viewpoints. 
Spanish entradas in northern Mexico and the South¬ 
west have also aroused considerable historical enthusi¬ 
asm. Pizarro's conquests of the vast Inca state are 
known to every casual student. The more important 
explorations and conquests of Yucatan by the Spanish 
have been heretofore inexplicably Blighted. Yucatan 
was the first portion of the mainland of the Americas 
west of Cuba to be discovered, but It was the last area 
of these coasts to be subjugated. This sequence seems 
to have been followed by present day scholars. Even 
the name of the great conquistador, the Adelantado, 
Francisco de Monte jo, is little known, Robert Chamber¬ 
lain ably brings out the qualities of Montejo during the 
many difficulties of the Spaniard^ in exploring and 
pacifying Yucatan. The publication of The conquest 
and colonization of Yuoatan assures the name of Mon¬ 
tejo its just place with Cortds, Pisano, Balboa, Ji- 
mdnez de Quesada, Alvarado, and Valdivia. 

The Spanish hiktory in relation to Yuoatan Is closely 
followed from the time of the discovery and the Initial 
phases of the conquests, through the many entradas and 
colonization attempts, to the final conquest after the 
great Maya revolt The last portion of the book deals 
with the first years of the colony to the middle of the 
16th century. Francisco de Montejo, into whose bands 
the Castilian Crown gave the occupation of Yucatan, 
had interests in addition to Yucatan proper; conse¬ 
quently the history includes other areas adjacent to 
Yucatan. Montejo had his eyes fixed on other areas— 
Honduras and Higueras, the region of Golfo Dulse and 
Chiapas. The history of these neighboring provinces 
was inextricably interwoven with that of the Mayan 
area. 


It would be a strange book indeed that a reviewer 
could not criticize in some minutia. The controversial 
points are of little importance, however. In cases of 
possible doubt the author has carefully cited the original 
texts in elaborate footnotes. By the very nature of 
these early sources, there were controversial accounts and 
mutually exclusive data and dates. The author has re¬ 
viewed and weighed the evidence carefully in all cases. 
In many instances Mr. Chamberlain has exhibited a thor¬ 
ough knowledge! of the background of his subject over 
and above purely historical facts. He displays an inti¬ 
mate acquaintance with the encomienda system, for ex¬ 
ample, without which knowledge much of the Spanish his¬ 
tory in Yucatan is inexplicable. The bibliography and 
footnote structure of this book convinces this reviewer 
that the author has made adequate use of all known 
sources relating to the history and conquest of Yucatan. 

The conquest and colonization of Yuoatan is a sig¬ 
nificant work on the background of the European advent 
in the Americas. Between two covers, Robert Chamber- 
lain has collected all of the data pertinent to this period, 
indicated the significant features, and authenticated the 
whole. 

Frank C. Hibben 

University of New Mexico 


Fatigue and impairment in man. S. Howard Bartley and 

Elolse Chute. New York: McGraw-Hill, 1947. Pp. 429. 

65.50. 

This book proposes a thesis that conflict and frustration 
are cardinal factors in the etiology of fatigue and at the 
same time provides, unwittingly, excellent material for 
testing this hypothesis. For the reviewer, the theory has 
1 * worked. 11 He became frustrated. And he became tired. 
On checking with others who read the volume he was able 
to verify that his was not an exceptional, idiosyncratic 
reaction. 

Throughout, the treatment suffers from a basic di¬ 
lemma. Arbitrarily, the authors limit the meaning of 
fatigue to the experience of feeling tired. They use the 
term impairment for the objective, biochemical and 
physiological alterations present in a variety of situations 
in which the human organism is placed under strain. 
Their primary Interest is in fatigue, not in impairment. 
Yet most of the book is devoted to impairment. The 
result is a definite lack of balance. 

There is need for a detailed summary of the results 
and problems of 11 stress 11 physiology, taking into ac¬ 
count the phenomena of both adaptation and breakdown 
of the adaptive mechanisms. This need became even 
more acute as a result of the accumulation during the 
war years of a large mass of new data on the effects Of 
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extremes of environmental temperature, High altitude, nu¬ 
tritional deficiencies, strenuous work, participation in 
combat, etc. This undertaking ie beyond one man’s 
competence and capacity. At any rate, the summary at¬ 
tempted by Bartley and Chute does not fill the need for 
a comprehensive and up-to-date treatment. 

The part devoted to fatigue as a subjective experience 
ia also unsatisfactory, but for other reasons. The amount 
of valid and usable information available in the literature 
is small and there is, consequently, little to summarize. 
Bartley’s own work in this area is very limited. The 
role of ’’conflict” in the causation of fatigue was de¬ 
veloped in the course of his studies on the pupillary reflex 
(1942). Later (1943) conflict (and frustration), defined 
ns "any clash, incompatibility or disharmony occurring 
at any level of organismic activity,” was assigned a 
universal role in fatigue. Most of the discussion is 
based on arm-chair analysis. 

The emphasis on the attitudes and motivation of per¬ 
sons In whom fatigue is being studied is wholesome. Pew 
will disagree with the author’s statement that the sub¬ 
jective phenomena of fatigue cannot be treated in a 
simple quantitative fashion. However, no constructive 
suggestions, useful to the experimenter or the clinician, 
such as using more sophisticated, standardized inventories, 
were submitted. Improved methods are a sine qua non 
condition of rising above the stage in which "most of 
what we know about fatigue arises from everyday ob¬ 
servations and from deductions mnde from these” 
(p. 400). 

JosKr Broker 

Ldboratory of Phyniolagieal Hygiene 
University of Minnesota 

Scientific and industrial glass blousing and laboratory tech¬ 
niques. W, E. Barr and Victor J. Anhom. Pittsburgh, 
Pa.: Instruments Publ., 1940. Pp. viii + 380. (Illus¬ 
trated.) 10.00. 

Three objectives are outlined and admirably attained 
in the 15 chapters of this book. The first objective is to 
give instruction in glass blowing, with many elementary 
details and drawings, covering a simple junction of two 
pieces of glass and ending with the making of a com¬ 
plicated ground glass stopcock. Shop layout, burner de¬ 
signs, the chemical and physical properties of glasses of 
American and imported types and other related topics 
help to broaden the reader’s knowledge. A chapter on 
glass-to-metal seals covers the principles involved, the 
combinations of metals and glasses available, their prop¬ 
erties, and the production of lamps and tubes with such 
seals. 

The second objective Is to present advanced techniques 
required for the production of high vacua. Two chapters 
describe many types of vacuum pumps and vacuum gages 
in great detail, Including their calibration and uses. 
There is a chapter on high vaeuum techniques which 
includes silvering methods, gas evolution from hot glass, 
and a host of other items. 

The third objective Is to describe in great detail four 
types of special glass equipment with the aid of other 


authorities, such m Joyner on gas adsorption apparatus, 
Hanson on molecular weight apparatus, Anderson on 
Swietoslawski ebulliometers. A long chapter is devoted 
to distillation problems, including theoretical discussion 
and operating requirements of fractionating and distilla¬ 
tion columns and condensers. Vacuum fractionating 
equipment and molecular stills also are described. 

Each chapter is concluded with adequate literature 
references, and the index refers to subject matter only. 
The book will appeal to people of varying interests, but 
the emphasis is mainly on chemical scientific apparatus 
and the title might well have indicated this. There will 
be differences of opinion on the details of construction, 
but not on the main points covered. With so much mate¬ 
rial there are bound to be errors, such as the Dushmau 
reference on page 191, and the chemical composition of 
DG glass on page 124. 

Louie Navias 

General Eleotrio Company , 

Schenectadyj New Yorlc 


The essential* of organic chemistry . C. W. Porter and T. 

D. Stewart. Boston, Moss, and London, Engl.: Ginn, 

1940. Pp. vi + 304. (Illustrated.) $4.00. 

Professors Porter and Stewart have provided a text¬ 
book for a short course in organic chemistry. They have 
covered most of the basic and established facts and 
theories of this branch of learning in a simple style that 
should be easily comprehensible to a beginning student. 
The book is designed primarily for nonscience majors. 
It is equipped with exercises and problems at the end 
of each chapter and with adequate diagrams, tables, and 
equations to illustrate the textual discussions. 

It should have been possible for the authors to in¬ 
corporate some of the more important and interesting 
new products, processes and theories without lengthening 
the book unduly. Such developments as the silicones, the 
oxo process, and the carbonium ion theory of rearrange¬ 
ments are either not mentioned or are inadequately 
treated. Statements such as the following are inaccurnte 
or grossly misleading: ’’Animal parasites are called 
trypanosomes; examples are the hookworm, the amoeba 
which causes dysentery, . . (p. 361); "A reaction 

which is not given by aliphatic ketones, but which occurs 
readily with aromatic ketones, is the Glemmensen reduc¬ 
tion” (p. 931); "The hydroxyl group of a phenol, how 
ever, may be replaced with chlorine by heating the phenol 
with phosphorus pentachloride ” (p. 300). The last state¬ 
ment is not qualified in any way and creates the false im¬ 
pression that satisfactory yields are ordinarily obtained 
with all phenols. 

Aside from this sort of insccurate statement, however, 
the book is remarkably free from errors. It is well 
printed and bound and presents an attractive appearance. 
The authors have produced a work which should be pop¬ 
ular in many colleges. 

VXiTthi* I7inver*ity 


G. B, Baohuak 
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Association Affairs 


Local Committees Cor the 1949 Annual Meeting of 
the AAAS in New York City. The establishment of 
local committees to direct the preparations for the 116th 
Meeting of the American Association for the Advance¬ 
ment of Science, December 26-31, in New York City, be¬ 
gan auspiciously when J. W. Barker, president of Re¬ 
search Corporation and formerly dean of the Faculty of 
Engineering, Columbia University, accepted appointment 
as general chairman, with the responsibility of coordinat¬ 
ing the activities of all local committees. Dr. Barker, 
whose training was received in the University of Chicago 
and Massachusetts Institute of Technology, is eminently 
qualified for this post. In World War I he rose from 
second lieutenant to major in the Coast Artillery Corps 
mid served on the faculties of M.I.T. and Lehigh before 
assuming the dennship at Columbia. Dr. Barker has been 
vice president of the American Institute of Electrical 
Engineers and vice president and president of the Illumi¬ 
nating Engineering Society; he was special assistant to 
the Assistant Secretary of the Navy, and in 1937 he was 
chairman of AAAS Section M. 

A local Advisory Committee, headed by George B. 
Pegram, vice president of Columbia University (the 
general chairman of the 1928 New York City Meeting) 
and including William J, Robbing director of the New 
York Botanical Garden; Albert E. Parr, director of the 
American Museum of Natural History; and Sam F. 
Trelease, Torrey Professor of Botany, Columbia (on the 
General Local Committee in 1028), has been serving since 
early March. The complete personnel of the local com¬ 
mittees on Reception and Entertainment, Equipment and 
Projection, Publicity, Finance, Reference, and General 
Sessions and Lectures will be announced in Science when 
they are organized. The success of the Annual Meeting 
of the Association depends in very large measure on the 
efforts of the local cqjnmittee members who give so gen¬ 
erously of their time; this will be particularly true of 
the New York City Meeting. 

In onlor to increase participation in the Gordon Re¬ 
search Conferences (to be held this year at Colby Junior 
College, New London, New Hampshire, from June £0 to 
September 2, as announced in Science, March 4), two 
significant procedures have been established by recent 
action of the Management Committee and the Advisory 
Board. First, the registration fee has been increased to 
provide each conference with a small fund to pay part of 
the expenses of participants who would otherwise be un¬ 
able to attend, the money to be allocated by the chair¬ 
man in consultation with the director. And second, the 
advisory board has been enlarged to include fifteen non¬ 
sponsor representatives from colleges and universities. 
Five individuals are to be elected each year for a term 
of three years. The first five elected this year are Paul 
Bartlett, Harvard University; John Bowman, Mellon In¬ 
stitute of Industrial Research; C. A. Elvehjem, Univer¬ 


sity of Wisconsin; Paul Flory, Cornell University; and 
H. S. Taylor, Princeton University. 

The Management Committee, in cooperation with the 
Advisory Board, is responsible for operating the annual 
conferences. The Advisory Board consists of an official 
representative from each of the 57 industrial companies 
that sponsor the conferences through the American Asso¬ 
ciation for the Advancement of Science. Members are 
named by the sponsors and serve indefinitely. The con¬ 
ference chairmen each year also serve on the Bonrd. The 
Management Committee is elected from the Advisory 
Board, two members being chosen each year to serve for a 
term of three years. The present committee is Emil Ott, 
chairman, Hercules Powder Company; K. G. Compton, 
vice chairman, Bell Telephone Laboratories; Dean Burk, 
National Institutes of Health; George Calingaert, Ethyl 
Corporation; S. S. Kurtz, Jr., Bun Oil Company; Ran¬ 
dolph T. Major, Merck & Company; Howard A. Meyer- 
hoff, AAAS; and W. George Parks, director, Rhode 
Island State College. 

The Management Committee selects the conference di¬ 
rector, decides where the conferences are to be held, and 
concerns itself with finances and other- details of opera¬ 
tion, as well as formulating future plans and policies, for 
consideration by the Advisory Board. A survey of the 
present conferences is in pragmas now under the direc¬ 
tion of B. B. Kurtz, Jr., to be used as a basis for future 
plans and developments. 

W. George Fahkh. 


The Laurendan Hormone Conference of the AAAS 

will hold its 1940 meeting at the ForeBt Hills Hotel, 

Franeonia, New Hampshire, September 12 to 17. The 

following program has been arranged: 

I. Ovarian Physiology and Function 

Monday evening, September Iff. Biology of the Ovary: 
A. S. Farkes, National Institute for Medical Research, 
London. 

Tuesday morning, September IS . Physiology of Estro¬ 
genic Hormones: K. E. Faschkis and A, Rakoff, Jeffer¬ 
son Medical College. 

Tuesday morning, September 13. Maintenance of the 
Corpus Lutenm and Physiologic Actions of Pro¬ 
gesterone; James T. Bradbury, Willis E. Brown, and 
Laman A. Gray, State University of Iowa and Uni¬ 
versity of Louisville. 

Tuesday evening, September IS, The Vasculature of the 
Ovary and Ovarian Function; B. R. M. Reynolds, Car¬ 
negie Institute of Washington. 

II. Chemistry and Physiology or the Sex Hormones 

Wednesday morning, September 14. Studies with Estro¬ 
gen Conjugates; G. A. Grant and D. Beale, Ayent, Mc¬ 
Kenna k Harrison, Ltd. 




May 6, 1949, Vol. 109 


SCIENCE 


473 


Wednesday morning , September 14. Chemical Methods 
for the Estimation of Steroid Hormones and their 
Metabolites: Lewis Engel, Massachusetts General Hos¬ 
pital. 

III. Pituitary Physiology and Function 

Thursday morning, September 15. Pituitary Control of 
Steroid Secretions: Boy O. Greep, Harvard School of 
Dental Medicine. 

Thursday morninp, September 15. The Present Status 
of Posterior Lobe Hormones: Robert L. Noble, Uni¬ 
versity of Western Ontario. 

IV. Humoral Mediators in Nervous Transmission 

Thursday evening, September 15. Sympathetic Neuro 
humors: M. L. Tainter and F. P. Luduena, Sterling 
Winthrop Research Institute. 

Friday morning , September 16. The Acetylcholine Sys¬ 
tem in Neural Function: Ralph W. Gerard, University 
of Chicago. 

V. Hormones and Tumors 

Friday morning , September 1C. Experimental Endocrine 
Tumors: George W. Woolley, Roscoe B. Jackson Me¬ 
morial Laboratory. 

Friday evening, September 16. The Virilizing Syndrome 
in Man: Lopis J. Soffer, J. Lester Gabrilove, Joseph 
W. Jailer, and Mildred D. Jacobs, Mount Sinai Hos 
pital. 


VI. Mechanisms of Hormone Action 

Saturday morning, September 17. Effects of Hyper¬ 
glycemic Factors of the Pancreas and of Epinephrine 
1 on Glycogenolysia: Earl Sutherland, Washington Uni¬ 
versity, St. Louis. 

Saturday morning, September 17. Hormone-Enzyme Re¬ 
lationships: Roland K. Meyer, University of Wisconsin. 

Attendance is limited by the available hotel accom¬ 
modations, but the Committee on Arrangements invites 
applications for attendance from interested investigators 
and specialists in the hormone held. The Committee con¬ 
sists of R. W. Bates, E. R. Squibb & Company; E. C. 
Reifenstein, Jr., Sloan-Kettering Institute; A. White, 
School of Medicine, University of California at Los 
Angeles; and G. Pme.us, Chairman, The Worcester Foun¬ 
dation for Experimental Biology, Applications for at¬ 
tendance should be sent to the Chairman at 222 Maple 
Avenue, Shrewsbury, Massachusetts, and must be received 
by June 6. 

The Springfield chapter of the AAAS met March 31 
at American International College. Dr. S. A. Simon, 
Chicopee Manufacturing Company chemist, spoke on the 
subject of fibers, discussing their synthesis, structure, 
function, and purposes, in nature and in the laboratory, 
mid the techniques used to study them. 


NEWS 
and Notes 

Charles E. Sando, U. 8. Depart' 
ment of Agriculture plant chemist, 
has been named project advisor for 
USDA Research on Crop Utilization, 
Bureau of Agricultural and Indus¬ 
trial Chemistry. Dr. Sando succeeds 
Cornelius E, Senseman, recently re¬ 
tired. 

Robert A. Kehoe, tff the Univer¬ 
sity of Cincinnati has received the 
Kmidsen Award of the American 
Chemical Association of Industrial 
Physicians and Surgeons for his work 
in the field of industrial medicine. 
The award was made at the Associa¬ 
tion’s annual convention held in De¬ 
troit, ApTil 7. 

Robert Lindley Murray, execu¬ 
tive vice president of the Hooker 
Electrochemical Company, Niagara 


Falls, New York, has been awarded 
the 1949 jHcob F. Schoellkopf Medal 
of the Western New York Section of 
the American Chemical Society. Dr. 
Murray was cited for his engineering 
ability and bis able direction of 
chemical research and development in 
the chlorine and alkali industry. 

Gregor Wentxel, University of 
Chicago physicist, will be a visiting 
professor at Stanford University dur¬ 
ing the summer quarter. While there 
he will offer a course on recent de¬ 
velopments in quantum electrody¬ 
namics. 

The National Academy of Sciences 
made the following awards at its an¬ 
nual dinner held April 26 in Wash¬ 
ington, D. C.: The Cyrus B.. Com¬ 
stock Prise of $3,500 to Merle A. 
Tuve, director, Department of Ter¬ 
restrial Magnetism, Carnegie Insti¬ 
tution of Washington, D. C., for his 
work in nuclear physics, geophysics, 
and development of the proximity 
fuse; the James Craig Watson gold 
medal and honorarium to Samuel 
Alfred Mitchell, director of the 


Leander McCormick Observatory, 
University of Virginia, for his many 
services to astronomy; the Mary 
Clark Thompson gold medal and 
honorarium, in absentia, to Frank 
McLeam, of the Canadian Geological 
Survey, in recognition of his contri¬ 
bution to geologic science; and the 
Public Welfare Medal to George 
Harrison Shull, professor emeritus 
of botany and genetics, Princeton 
University, in recognition of his im¬ 
provement of the maize crop. 

Ernst Mayr, curator of the Whit- 
uey-Rothschild Collections of the 
American Museum of Natural His¬ 
tory, is serving as guest lecturer In 
the Department of Zoology at the 
University of Minnesota for the 
spring quarter and is offering a 
graduate course on the 11 Origin of 
Bpecies and Other Problems of Evo¬ 
lution. 9 * 

Arvid Lundquiat, president of the 
American Society of Swedish Engi¬ 
neers in New York, has been 
awarded the Swedish Royal Order of 
Vasa, with the rank of knight. 
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William T. Salter, chairman, De¬ 
partment of Pharmacology, Yale 
University School of Medicine, was 
awarded the first $1,000 Iodine Edu¬ 
cational Bureau award (see Science, 
September 17, p. 29B) at the recent 
annual meeting of the American 
Pharmaceutical Association. 

Robert W. Kleemeier, professor 
of psychology at Northwestern Uni¬ 
versity, has been appointed director 
of the newly established laboratory 
for gerontology and geriatrics at 
Moosehaven, Florida, effective Sep¬ 
tember IS. 

Frans Verdoorn, botanist, 1ms re 
signed as director of the Los Angeles 
State and County Arboretum at Ar¬ 
cadia, California, and will resume his 
editorial work at Waltham, Massa¬ 
chusetts. He will continue to serve 
the arboretum as a councilor. 

Fellowships 

The U. S. Atomic Energy Com- 
mission has instituted fellowships to 
be granted to qualified investigators 
who wish to work with radioactive 
isotopes at the Marine Biological 
Laboratory this summer. Each fol¬ 
low will receive $250, and round trip 
traveling expenses from liie univer¬ 
sity. Laboratory fees will be paid 
by the Commission. The work with 
isotopes will be under the general 
supervision of G- Failla, of the De¬ 
partment of Radiology, Columbia 
University. Applications should be 
addressed to Dr. Charles Packard, 
Marine Biological Laboratory, Woods 
Hole, Massachusetts. 

The Allied Chemical and Dye 
Corporation announces renewal of 
its 31 graduate fellowship offerings 
for 1949-50, mainly in the fields of 
chemistry and chomical engineering. 
Each fellowship provides $1,200 and 
tuition. Recipients of the awards 
and the research to be conducted are 
to be selected by the 24 schools to 
which the fellowships have been of¬ 
fered : University of California, Cali¬ 
fornia Institute of Technology, 
Carnegie Institute of Technology, 
University of Chicago, Columbia 
University, Cornell University, Duke 
University, Harvard University, Uni¬ 
versity of Illinois, University of 
Iowa, McGill University, Massachu¬ 
setts Institute of Technology, Uni¬ 


versity of Michigan, University of 
Minnesota, Northwestern University 1 , 
Ohio State University, Pennsylvania 
State College, University of Pennsyl- 
vnnia, Polytechnic Institute of 
Brooklyn, Princeton University, Pur¬ 
due University, Syracuse University, 
University of Wisconsin, and Yale 
University. 

Colleges and Universities 

Tulane University School of 
Medicine has announced the ap¬ 
pointment of six faculty members 
to the staff of its newly reorganized 
department of psychiatry and neu¬ 
rology. They are: Robert G. Heath, 
chairman and professor of psychia¬ 
try and neurology; Robert Hodes, 
professor of experimental neurol- 
ogy; Norman H. Rucker and Theo¬ 
dore Treuting, assistant professors 
of psychiatry; Frank Garcia, in¬ 
structor in neurology and neuro¬ 
surgery; and David Freedman, r,h- 
sistniit in neurology. 

The United States Geological Sur¬ 
vey will soon establish a new coal 
geology laboratory at Ohio State 
University, to be ready by this sum 
mer. The new laboratory is intended 
to bring together field and labora¬ 
tory phases of coal investigations, 
and to facilitate the study of fossil 
plants that compose coal. 

The University of California has 
announced that funds have been ap- 
propriated for a low-temperature 
laboratory at Davis to cost $1,000,- 
000 . 

Summer Programs 

The Massachusetts Institute of 
Technology announces a summer 
program in Food Technology, June 
13-July 1, under the direction of 
William L, Campbell, head of the 
Department of Food Technology; 
Cecil G. Dunn, associate professor 
of Industrial Microbiology; Ernest 
E. Lockhart, assistant professor of 
Food Chemistry; Robert S. Harris, 
professor of Biochemistry of Nutri¬ 
tion ; and Bernard E. Proctor, direc¬ 
tor, Samuel Cate Prescott Labora¬ 
tories of Food Technology. Inquiries 
regarding registration should be sent 
to Prof. B. E, Proctor, Boom 2Q-C- 


130, M. I. T. f Cambridge, Massachu¬ 
setts. 

Ohio State University's Stone 
Laboratory at Put-in-Bay r Ohio, 
will offer eight courses during the 
first six-week term which opens June 
21. Scheduled courses include both 
undergraduate and advanced studies 
in fish ecology, higher aquatic plants, 
invertebrate zoology, aquatic ento¬ 
mology, limnology, algalogy, orni¬ 
thology, and fish physiology. Speeinl 
problems and research will be un¬ 
dertaken during the second six-week 
term beginning July 28. Interested 
students should communicate with 
the laboratory regarding enrollment. 

The Northeastern Section of the 
Botanical Society of America will 
hold its third annual summer excur¬ 
sion in Michigan August 20-28, un¬ 
der the auspices of the Cranbrook 
Institute of Science and the Botany 
Department of the University of 
Michigan. Registration by members 
will be accepted by Elzada U. Clover, 
Department of Botany, University of 
Michigan, Ann Arbor, until July lfl. 
Nonmamber registrations will be ac¬ 
cepted if space is available. Further 
information may be obtained from 
Frof. Clover. 

Meetings and Elections 

The American University an¬ 
nounces a five-day Institute on 
Scientific Research and Develop¬ 
ment, to be held June 5-10 in Wash¬ 
ington, D. C., with the cooperation of 
the National Research Council and 
the AAAS. Persons engaged in ad¬ 
ministration of scientific research and 
development activities are eligible to 
attend the Institute. 

Five major areas will be explored 
during several sessions of lectures 
and group discussions devoted to 
specific problems in (1) research 
organization, (2) the administrative 
process, (3) research personnel, (4) 
aids to research, and (5) the re¬ 
search product. Program plana 
have been developed by a committee 
from the three participating institu¬ 
tions: M. H. Trytten and Raymund 
L. Zwemer, National Research Coun¬ 
cil; Howard A. Meyerhoff and S. B. 
Fracker, AAAS; Gathetyn Seokker- 
Hudson, George P. Bush and LoweU 
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H. Hattery, The American Univer¬ 
sity. 

Inquiries about the Institute 
should be directed to Lowell H. Hat¬ 
tery , The American University f 1001 
F Street, N.W., Washington 0, D. C. 

The American Academy of Neu¬ 
rology will hold its first annual meet¬ 
ing in French Lick SpringB, Indiana, 
June 1-3. A. B. Baker, professor of 
neurology, University of Minnesota, 
is president of the newly formed or¬ 
ganisation. 

The American Society for the 
Study of Sterility will hold its fifth 
annual conference at the Hotel 
Strand, Atlantic City, New Jersey, 
June 6-7. The registration fee of 
$10 includes the detailed program 
containing abstracts of papers to bo 
presented. Registration should bo 
made in advance since seating capac¬ 
ity is limited. Address requests to 
Walter W. Williams, Secretary, 20 
Magnolia Terrace, Springfield, Mas 
sachu setts. 

The Mathematical Association of 
America will hold a joint meeting 
with the Mathematics Division of the 
American Society for Engineering 
Education June 20-21 at the Rens¬ 
selaer Polytechnic Institute, Troy, 
New York. The association will also 
meet at the University of Colorado, 
Boulder, on August 20-30. 

Centre National de la Recherche 
Scientifique has announced two 
forthcoming conferences: one on 
morphogenesis, to be held in Stras 
bourg, July 5-12, and one on adsorp¬ 
tion and heterogeneous kinetics, to 
be held in Lyon, September 12-17. 
U. S. scientists invited to participate 
in the Strasbourg conference are: P. 
B. White, Institute for Cancer Re¬ 
search, Philadelphia; F. Skoog, Uni¬ 
versity of Wisconsin, Madison; and 
P. Weiss, Department ctf Zoology, 
University of Chicago. Those 'who 
will take part in the Lyon conference 
are Hugh Bl. Taylor, of the Frick 
Chemical Laboratory, Princeton Uni¬ 
versity, and Paul H. Emmett, Mellon 
Institute of Industrial Research, 
Pittsburgh. 

The International Union for the 
Scientific Study of Population will 
hold its first official assembly since 
the war, In Geneva, Bwitaerland, 
August 27-September 8. At the re¬ 


quest of Unesto, two special sessions 
of the assembly will be devoted to 
considering the cultural assimilation 
of Immigrants. Further information 
regarding the assembly may be ob¬ 
tained from Frank Lorimer, Admin¬ 
istrative Director, International 
Union for Scientific Study of Popu¬ 
lation, American University, Wash¬ 
ington 16, D. C. 

The Mellon Institute and the 
University of Pittsburgh's School 
of Medicine will hold their second 
annual symposium on orthopedic ap¬ 
pliances at the institute September 
10-24. The symposium will be open 
to invited orthopedic physicians, Bur¬ 
geons, and technologists. Inquiries 
concerning attendance and program 
should be addressed to the Orthopedic 
Appliance Fellowship, Mellon Insti¬ 
tute, 4400 Fifth Avenue, Pittsburgh, 
Pennsylvania. 

The Southeastern Section of the 
American Physical Society elected 
the following officers at its annual 
meeting held at Glemson Agricul¬ 
tural College, Clemson, South Caro¬ 
lina, April 15-16: J. H. Howoy, 
Georgia Institute of Technology, At¬ 
lanta, chairman; W. G. Pollard, Oak 
Ridge Institute of Nuclear Studies, 
Oak Ridge, vice chairman; Dixon 
Callihan, Carbide and Carbon Chemi¬ 
cals Corporation, Oak Ridge, secre¬ 
tary; Hugh F. Henry, Carbide and 
Carbon Chemicals Corporation, trea¬ 
surer; and Francis G. Slack, Van¬ 
derbilt University, member of the 
executive committee. 

The Wisconsin Academy of 
Sciences, Arts, and Letters held its 
70th annual meeting April 10-20 at 
the University of Wisconsin, as part, 
of the university's centennial pro¬ 
gram. The following officers were 
elected for the 1049-50 academic 
year: Robert K. Richardson, pro¬ 
fessor of history and archivist, Beloit 
College, Beloit, president; .AJlen 
Abrams, Marathon Paper Company, 
Rothschild, vice president in science; 
Lucia R. Briggs, Milwaukee-Downer 
College, Milwaukee, vice president in 
arts; R. -M. B. Heffner, professor.of 
German, University of Wisconsin, 
vice president in letters; H. 0. Teie- 
berg, State Historical Society, Madi¬ 
son, librarian; Banner BUI Morgan, 
associate professor of veterinary 


science, University of Wisconsin, sec¬ 
retary-treasurer. 

NRC News 

The newly reorganized Agricul¬ 
tural Board of the Division of 
Biology and Agriculture, National 
Research Council, held its first meet¬ 
ing April 11 at the National Acad 
emy of Sciences. The Agricultural 
Board will be an independent scien¬ 
tific review body whoso announced 
purposes are: to advance and inter¬ 
pret scientific knowledge pertaining 
to agriculture, to initiate and provide 
recommendations relative to agiioul- 
ture, and to disseminate technical 
and deliberative conclusions among 
the proper agencies and population 
groups. 

Roy C- Newton, director of re¬ 
search for Swift and Company, Chi¬ 
cago, is chnirman of the new board. 
Leonard A. Maynard, director of the 
Cornel] University School of Nutri¬ 
tion, is vice-chairman, and LeRoy 
Voris of the NRC Food and Nutri¬ 
tion Board is acting executive secre¬ 
tary. Other members are: R. V. 
Boucher, Pennsylvania State College; 
,T. S. Davis, Food Research Institute 
of Stanford University; H. B. Guil- 
bert, University of California; W. A. 
Hagan, New York State Veterinary 
College, Cornell University; W. E. 
Krauss, Agricultural Experiment 
Station, Wooster, Ohio; W. J. Loef- 
fel, College of Agriculture, Nebras¬ 
ka; L. C. Norris, Cornell University ; 
B. T. Simms, Bureau of Animal In¬ 
dustry, U. 8. Department of Agri¬ 
culture; and W. W. Spink, Univer¬ 
sity of Minnesota Medical School. 
It is expected that several more mem¬ 
bers will be added to the board to 
insure balance in all agricultural 
fields. 

The present comm it teen of the 
Agricultural Board are on Animal 
Health; Public Health Aspects of 
Brucellosis; Animal Nutrition; Feed 
Composition; Production, Distribu¬ 
tion, and Quality of Milk; and Vet¬ 
erinary Services. Most of the com¬ 
mittees have been in existence and 
active for some time prior to the 
reorganisation of the hoard. The 
Committee on Animal Nutrition and 
its subcommittees have published 
Recommended Nutrient Allowances 
for poultry, swine, dairy cattle, beef 
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cattle, and sheep; these have been 
widely accepted as standard and 
published in textbooks. 

The Feed Composition Committee 
has recently made a survey of the nu¬ 
tritive value of hybrid corn, includ¬ 
ing vitamin, mineral, and proximate 
protein analyses. About 350 samples 
from different sources were Investi¬ 
gated over a two-year period. 

The Committee in Public Health 
Aspects of Brucellosis works in col¬ 
laboration with the Division of Medi¬ 
cal Sciences of the NEC. This 
committee, which estimates that bru¬ 
cellosis costs the livestock industry 
nearly (100 million annually, has 
published three reports on the dis¬ 
ease, and is preparing definitive 
statements on the eradication of bru¬ 
cellosis in domestic animals and on 
the diagnosis of human brucellosis. 


The Indiana Science Talent 
Search, sponsored by the Indian- 
apolia Timet, the Indiana Academy 
of Science, and the Indiana Junior 
Academy of Science, honored 20 
promising contenders for the West- 
inghouse Science Scholarships at the 
first Indiana Junior Scientists' As¬ 
sembly, held in Indianapolis, March 
26. The Indiana project is a part of 
the Eighth Annual Talent Search 
conducted by Science Clubs of Amer¬ 
ica, a Science Service activity. 

The 20 finalists, including the eight 
National Honorable Mentions, were 
interviewed during the morning by 
the talent search committee and in 
the afternoon exhibited the experi¬ 
mental equipment they had used in 
preparing their essays. Walter Leek- 
rone, editor of the Indianapolis 
Timex, presided at an Honors Lunch¬ 
eon, Attended by more than 200 
people. Karl Lark-Horovitz, head 
of the Department of Physics at Pur¬ 
due University, addressed the group 
on il Science of the 20th Century. M 
Mr. Leckroue presented awards to the 
15 winners. All 20 students have 
been recommended to the entrance 
officials and scholarship committees 
of Indiana colleges and universities. 
Information on each of the 73 In¬ 
diana high school seniors who com¬ 
pleted entrance requirements ior the 
talent search was submitted to the 
college or university of his choice, 


Members of tbe talent search com¬ 
mittee are: R. W. Lefler, Depart¬ 
ment of Physics, Purdue University, 
Lafayette, chairman; Lawrence H. 
Baldinger, dean, College of Science, 
Notre Dame University; P. D. 
Edwards, Department of Mathe¬ 
matics, Ball State Teachers College, 
Muncie; Fernandas Payne, Depart¬ 
ment of Zoology and dean emeritus, 
Graduate School, Indiana University, 
Bloomington; and Winona H. Welch, 
Department of Botany, DePauw Uni¬ 
versity, Greencastle. Ex-officio mem¬ 
bers are C. L. Porter, president of 
the Indiana Academy of Science, De¬ 
partment of Biology, Purdue Uni¬ 
versity; H. H. Michaud, state spon¬ 
sor, Indiana Junior Academy of 
Science, Department of Forestry, 
Purdue University; and Walter Leek 
rone, editor, Indianapolis Times, 
Indianapolis. 

E. W. LKruKH. 

CARE, with the cooperation of 
Unesco, plans to help rebuild war- 
damaged libraries of Europe and 
Asia by the distribution of free 
scientific and technical books. The 
program, to be in operation by May 
15, 1950, will be financed entirely by 
voluntary subscriptions from Amer¬ 
ican organizations and individuals on 
the same basis as tbe CARE food 
and clothing distribution system. 
Selection of books will be made by 
a group of American librarians 
headed by Luther Evans, Librarian 
of Congress. The books will be sent 
to Austria, Belgium, Czech oslovakia, 
Finland, Italy, France, Greece, 
Korea, Japan, Norway, Holland, Po¬ 
land, Great Britain, Western Ger¬ 
many, and the whole of Berlin. 

The American Council of 
Learned Societies, which at one 
time or another has organized such 
projects as the Dictionary of Ameri¬ 
can Biography and the Linguistic 
Atlas of the United States and 
Canada, is now sponsoring, jointly 
with tbe Social Science Research 
Council, publication of a weekly 
Current Digest of the Soviet Frees. 
Selected contente of 40-odd Russian 
periodicals are translated, condensed, 
arranged by subject matter, and in¬ 
dexed. The material is presented 
without comment or elaboration. 
The two most important newspapers, 


Pravda and leveetia , are received by 
air mall and reported about three 
weeks after their Moscow publica¬ 
tion. The yearly subscription rate 
is $150 and single copies are $3.00. 
Recognised scientific or educational 
bodies subscribing at the basic rate 
may obtain additional individual 
subscriptions, for their own use or 
for staff members, at a special rate 
of $25 each. Inquiries may be ad¬ 
dressed to the Current Digest of the 
Soviet Press, 1219 Sixteenth Btieet, 
N. W., Washington 6, D, C. 

Recently Received— 

Study Abroad; International Hand¬ 
book of Fellowships, Scholarships 
and Educational Exchange, Vol. 
1, 1048. Prepared by Unesco. 
Available through Publication 
Dept., Columbia University Press, 
New York 27, N. Y. at $L00. 
Dictionary of Guided Missile Terms: 
By the Committee on Guided Mis¬ 
siles of the Research and Develop¬ 
ment Board of the National 
Military Establishment. $1.00 
paperbound, $2.00 cloth bound 

from Public Affairs Press, Wash¬ 
ington 8, D. C. 

Radio autography by Tom McClure. 
In March 1040 issue of Traoerlog , 
issued by Tracerlab, 55 Oliver 
Street, Boston 10, Massachusetts. 
Bibliography of Lobster Culture by 
Leslie W. Scattergood. Special 
scientific report 64, Fish and 
Wildlife Service, U. S. Dept, of 
Interior, Washington, D. O. 
Prehistoric Art of the Aleutian 
Islands by George I. Qulmbly. 
Fieldiana — Anthropology, Vol. B6, 
No. 8. Available from Chicago 
Natural History Museum, Chi¬ 
cago, Illinois at $.80. 

Make Plans for— 

. Society of American Becteriolo* 
gists, 1049 annual meeting, May 16- 
20, C^cinnati, Ohio, 

American Society of Plant 
Physiologists, New England section, 
May SO—21, University of New 
Hampshire, Durham. ^ 
American Aesodatio a r $#r tbs 
History of Medicine, aaaual meet¬ 
ing, May 23-24, Transylvania Uni¬ 
versity, Lexington, Kentucky, 
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Science and Humanity 


Detlev W. Bronk 

Johns Hopkins University, Baltimore 

T O COMPREHEND THE HOLE OF SCI- 
ENCE in American civilization, we must look 
beyond the scientist's desire for practical ac¬ 
complishments. It is especially important that we 
understand this at u time when every man's life is 
profoundly affected by the scientist's actions and at 
a lime when the nationnl government has assumed a 
direct responsibility for training scientists with tax- 
contributed money. 

The most powerful motive in science is curiosity. 
Few may doubt this, because curiosity is common to 
all men; it may seem unnecessary to comment fur¬ 
ther. I do so because, even in this age of science, 
curiosity is often considered a bothersome trait which 
has pot us into a great deal of trouble from the days 
of the Garden of Eden to those of Hiroshima. 

There is opposition to curiosity first in childhood. 
Only the most patient parent encourages its free 
development at the expense of his personal peace. 
Only the wisest of teuchera discard the easy methods 
of didactic instruction to follow as counselors at the 
heels of students who freely satisfy their curiosity. 
Even in the scientific laboratory the student’s curiosity 
is suppressed and the laboratory becomes a training 
ground for technical manipulation ratheT than a place 
for intellectual exploration. The present tendency to 
create an educational system which thus suppresses 
curiosity for the sake of “efficient 1 ’ education robB 
modern civilization of the true scientists it needs. 

Nor will the scientists’ research flourish unless they 
have freedom to follow their curiosity. Against this 
there is now strong opposition. When science Beemed 
rather unimportant, scientists were left pretty much 
alone to do as they wished—provided they were able 
to live. Nowadays science is recognized as necessary 
for human welfare and national survival. , Because of 
this there are many who arc willing to support science 
provided they Can organize and direct the scientists’ 
Activities—about which they know but little.' And 
there are those who believe that the usefulness of sci¬ 
entific research can be increased and its practical yield 
multiplied by putting many scientists to work under 
the controlled direction of a few. 

There are problems and there are times which re¬ 
quire that the individual freedom of the scientist be 
submerged in a common effort for the public good. 


But there is a grave danger that the present demand 
by publicists, industrialists, and public administrators 
for large scale scientific organizations may impede 
progress. 

The most important discoveries of scientific research 
have come from the intellectual adventures of indi¬ 
vidual scientists. No one directed Newton to discover 
the laws of gravitation. No one organized Faraday’s 
discoveries in electricity for the benefit of the modem 
electrical age. No one suggested to Roentgen that he 
discover X-rays for the diagnosis of human ills. No 
one instructed Niels Bohr to pave the way for atomic 
energy. Great scientific discoveries will usually elude 
direction and organization ns surely ns would the 
creation of great music or poetry, or sculpture or art. 
Much of scientific research is exploration of the un¬ 
known and I, for one, do not believe it is possible to 
direct the course of an explorer through unexplored 
territory. 

Scientists have a second purpose, no weaker than 
curiosity, but more difficult to achieve. It is the 
desire to bring order out of chaos. Those who sud¬ 
denly grasp the relation of previously unrelated facts, 
and thus see their relevance, experience a deep esthetic 
satisfaction. It is in that phase of scientific endeavor 
that facts and observations are formed into the struc¬ 
ture of knowledge, which is the foundation for fur¬ 
ther discoveries. This is the role of the scientist’s 
creative imagination. Without freedom and leisure 
for the play of his imagination, a scientist becomes 
only a fact-gatherer, dealing with the bare bones of 
science, unarticulated and unclothed with the flesh of 
meaning. Ajs we-plan our new age of science we shall 
do well to preserve an environment in which this 
freedom will be nurtured, despite the urgency of pres¬ 
ent needs. For it Is unlikely that the scientists’ imagi¬ 
nation will often leap to a specified goal. A chaos of 
facts will seldom fall into an ordered, predetermined 
pattern, useful for a certain end. 

Modem scientific endeavor must certainly be or¬ 
ganized to provide the instruments for research and 
the combination of human skills necessary for diverse 
experimental tasks. But society will gain most from 
scientists if they are given freedom to observe, to ex¬ 
periment and think. Science is playing an important 
role in America’s world-wide struggle for the freedom 
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of the individual. In order that science may play that 
role well, the freedom of the scientists must be pre¬ 
served against the regimentation of overstuffed or¬ 
ganizations here at home. Despite the fantasies of 
scientific planners in and out of Russia, I should be 
surer of the social value of a mere score of scientists 
who are free to investigate and explain the facts of 
nature than of a thousand who are organized for the 
solution of a directed end- 

In a democracy, however, it is not easy to justify 
such personal leisure and freedom, when most of the 
population must labor at routine tasks. “Why," asked 
a member of a Congressional appropriations commit¬ 
tee recently, “should so few be supported to learn so 
much when so many know so little?" It is well to 
admit to such skeptics that some of the most impor¬ 
tant contributions of science to human welfare have no 
obvious practical usefulness. But let them consider 
how in a few generations we have been freed from the 
fear of natural forces that were mysterious nnd ma¬ 
levolent; how we have been freed from slavery to ig¬ 
norance and superstition. At a time when science is 
prized for its contributions of instruments and weap¬ 
ons, of food and health and physical power and com¬ 
fort, I would remind you that the pleasure which 
comes from an understanding of the beauties and 
forces of nature is a subtle value of science which ex¬ 
tends the horizons of our intellect and enriches our 
lives. 

Scientists are largely to blame for the fact that 
these intangible rewards of scientific investigation are 
not generally understood. One never hears musicians 
or sculptors or poets justify their role in society with 
the claim that they increase the physical well-being of 
their fellow men. Society values them, insofar as it 
values them at all, for the pleasure they give to life. 
Scientists, however, emphasize the material benefits 
of science because these are readily comprehended and 
accepted. In doing so, they misrepresent and belittle 
some of their major contributions to human welfare. 
Scientific research is one of the great adventures of 
the human mind. When the spirit of that adventure is 
generally understood, it will quicken the life and raise 
the hopes of people everywhere. 

This is sufficient justification for the support of sci¬ 
ence as a major activity in society. But the effects of 
science do not end there. There is scarcely an aspect 
of American civilization which has not been shaped by 
scientific research and the applications of research. 
Our supply of materials comes from the laboratory as 
well as from nature. Industry depends upon power, 
scientifically created and controlled. Commerce re¬ 
quires swift transportation. Men live in cititf heated 
and lighted and kept sanitary by scientific methods. 


Accordingly, the maintenance of American society re¬ 
quires a great army of scientifically trained men and 
women. 

The characteristics of a continually developing 
American civilization are such that there is also an 
ever-increasing need for scientific investigation. The 
discovery of new metals makes possible the design of 
new machines, but that may require the development 
of new mathematical procedures. Atomic energy has 
created new elements which have made possible the 
discovery of new treatments for disease. In turn, 
such treatments require new methods for human pro¬ 
lection against radiation. Each new scientific devel¬ 
opment creates further problems which require more 
study and research. 

The demands for the fruits of science are further 
augmented by the recent war and by the present in¬ 
ternational hazards. This is an old Btory in the mod¬ 
em tempo, for the practical importance of science to 
warfare has long been recognized. Galileo and Le¬ 
onardo were employed by their governments to im¬ 
prove artillery and the art of fortification. From 
that time onward, science has shaped the pattern of 
warfare until today science is recognized as one of 
the first lines of national defense. Scientists are re¬ 
quired by the thousands for the training and opera¬ 
tion of our armed forces. New weapons of aggres¬ 
sion, forged by science, require of scientists new means 
for counteraction and defense. 

The New Status of Science 

Our culture, shaped by science and dependent upon 
science for its preservation, is now changing the pat¬ 
tern and status of science in America. Of that new 
status there are four aspects worthy of consideration. 

The support of research. The first is a great in¬ 
crease in the money spent for research. During the 
year 1930, 166 million dollars were expended for sci¬ 
entific investigation and for its development towards 
practical purposes. By the year 1947 this amount 
had been increased to more than one billion dollars, 
which does not include expenditures in the field of 
atomic energy. Looking into the future, the Presi¬ 
dent's Scientific Research Board has recommended 
that the amount should be two and a quarter billion 
dollars by 1967. 

It is significant to recite additional figures. In 
1930 the United States Government expended 23 mil¬ 
lions for science, or 14 percent of the totaL In 1947 
the federal sum was 626 millions, more than 60 per¬ 
cent of the total national expenditure for scientific re¬ 
search. Obviously, those who are responsible for 
determining our national policies believe that the sup¬ 
port of science )b a governmental function. 
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But it is not surprising that they should meet strong 
opposition. On the one hand, federal support of sci¬ 
ence is opposed because of fear that science and scien¬ 
tists will be deprived of their freedom, and that the 
fruits of science will wither. On the other hand, there 
is also fear that the central government may gain 
from its vassal scientists too much power over the 
American people. To shrink from such dangers, how¬ 
ever, is to doubt the virtues of American democracy. 

If there be any field of activity which is the proper 
province of the national government, it is the en¬ 
couragement of research. It is from scientific research 
that our citizens have the greatest promise of higher 
standards of living, better health, and security against 
the dangers of foreign aggression. Individuals, un¬ 
aided, cannot reap the full benefits of science. 

It would be unfortunate if the full responsibility 
for the support of science were relegated to the gov¬ 
ernment. The integration of science into American 
culture requires that many individuals have the status 
of participating stockholders in the advancement of 
science. That this is increasingly so is a healthy char¬ 
acteristic of our social customs. University depart¬ 
ments of teaching and research are supported by 
great numbers of individuals who are conscious of 
their responsible part in society. Countless industries 
are this year expending half a billion dollars on the 
discovery and development of new knowledge. Foun¬ 
dations for the furtherance of research now receive 
the benefactions of millions who, to the limits of their 
resources, follow the generous example of the wealthy 
few. Such are the National Foundation for Infantile 
Paralysis and the American Cancer Society. 

The need for more scientists. The wise use of the9C 
increased financial resources requires a great increase 
in the number of scientists. This is the second char¬ 
acteristic of the new stntus of science. 

It is not long since scientific research was an avoca¬ 
tion of teachers and exclusive occupation of but a few 
isolated workers. Today universities, industries, and 
the government compete to fill needs for many thou¬ 
sands of scientific investigators. The number of sci¬ 
entists, technicians, nod engineers has increased only 
one-tenth as fast since 194Q as has the expenditure 
for research and development. While the budget was 
increasing 335 percent, the supply of trained man¬ 
power expanded only 95 percent. 

The technological and scientific progress of the na¬ 
tion and its operation depend upon less than one-half 
of one percent of our population; one-tenth of one 
percent of our population are actually engaged in 
scientific research and development; leas than twenty- 
five thousand among our population of 150 million 
have had the advanced training for scientific research 


and teaching represented by the doctorate. 

To meet these needs, the universities are straining 
every available facility. Private and public founda¬ 
tions and industries are contributing large sums for 
the education of scientists, and the government is 
initiating fellowship programs for the training of 
young men and women. The Atomic Energy Com¬ 
mission alone has appropriated two and one-half mil¬ 
lion dollars for such fellowships during the coming 
yeftT or two. This is the development of a national 
resource of great importance. 

No individual is endowed with all the qualities re¬ 
quired for the pursuit of science, but there are vast, 
untouched reservoirs of human talent. For the ad¬ 
vancement of science, as for the advancement of every 
phase of our civilization, we must learn to identify 
and to train those who are best qualified for a given 
social function, without regard for family fortune. 
Only thus are we likely to meet the specialized needs 
of a complex culture. 

The spread of science. For several centuries the 
universities have been the nurseries and the homes of 
science. Now, as the number of scientists trained in 
the universities increases, more and more of the sci¬ 
entists migrate elsewhere. 

The university began to lose its place as the only 
home of research about 1900, when the laboratories 
of the General Electric Company and of the Bell 
Telephone system were first established. Such indus¬ 
trial laboratories have grown and multiplied without 
a stop in sight, and now they have their numerous fed¬ 
eral counterparts. This spread of science outside the 
universities is a third characteristic of its modern 
pattern. 

It is well for the universities that this is so. A uni¬ 
versity is the ideal environment foT thought and in¬ 
vestigation and the spread of knowledge. The appli¬ 
cation of that knowledge to the practical problems of 
today is the function of other institutions which are 
being created for that purpose. The university sci¬ 
entists who withstand the pressure to solve practical 
problems of the present are the scientists who are free 
to pave the way for useful applications of the future. 

The social responsibility of the scientist. Many of 
those who are devoted to the discovery of new knowl¬ 
edge havevdeveloped a concern for its social effects. 
I would name this uneasy sense of responsibility as a 
fourth characteristic of modern American science. It 
is natural that this should be so in troubled times of 
great change, for which science is in no small part 
the cause. 

The critical needs for national survival marshaled 
our science to an extraordinary degree during this 
recent war, But the scientists* satisfaction in their 
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achievements, which armed human courage, has been 
sobered by the realisation that new forces of destruc¬ 
tion were thus unleashed. Nor has the end of conflict 
been reassuring. The accomplishments of ages lie in 
ruins, and the hardly gained knowledge of nature is 
used by both, in the conflict between the good and 
the evil. 

Science itself is neither good nor evil. It is “neither 
a benign nor a malignant activity of man.” Science 
is a quest for knowledge and understanding, to be ap¬ 
plied for human use as men desire. It is with such 
thoughts in mind thut scientists feel an increasing ob¬ 
ligation to participate in decisions as to how their dis¬ 
coveries and technical developments shall be used. 
But the fulfillment of this obligation will require sci¬ 
entists to acquire a knowledge of human affairs and 
of the motives which shape public policy. Even then 
scientists will most effectively participate in the wise 
use of science in public affairs by disseminating and 
understanding of science to those in public authority 
and to those who shape popular opinion. 

Certainly it is desirable in a democracy that every 
citizen take an active part in the direction of govern¬ 
ment, to the limits of his abilities. Accordingly the 
growing social conscience of scientists is desirable. 
So, too, is’ the slowly increasing participation of sci¬ 
entists in the affairs of government. But our complex 
social structure requires that each citizen have a pri¬ 
mary responsibility for some special task. Thus I 
return to the point that our future welfare requires 
that a goodly number of scientists be free to study 
nature without regard for the practical needs of the 
moment. 

The Place or Basic Research 

The encouragement of # scientific exploration or re¬ 
search—in contrast with the application of science— 
has not always been a characteristic of American cul¬ 
ture. Commenting upon this a century ago, Alexis de 
Toequevillc attributed the emphasis upon immediate, 
practical values to the traits of a democracy, where, 
said he, “men . . . seldom indulge in meditation . . . 
and require nothing of science but its special applica¬ 
tions to the useful arts and the means of rendering 
life comfortable.” The observations of this distin¬ 
guished observer of democracy in America were not 
far wrong, for fundamental research has flourished 
less here than in Europe. But his assumptions as to' 
the reason for our emphasis on the practical aspects 
of science have been disproved by the recent develop¬ 
ment of basic science within our democracy. There 
are significant causes for this increased emphasis on 
fundamental research. 

One of these causes is the spread of college educa¬ 
tion and the inclusion of science in the academic cur¬ 


riculum. To this I would add adult education in sci¬ 
ence by the radio and by scientific journalism which 
has reached high standards here in the United States. 
But a£ President Conant has emphasized in his book 
On Understanding Science, much of our education 
still deals with the results of science; there is little 
discussion of the methods and sequence of science. 
Until this defect is corrected we face a popular de¬ 
mand that scientists mortgage their future usefulness 
by concentrating their efforts on the practical applica¬ 
tion of past discoveries. 

Despite the inadequacies of scientific education for 
the layman, many recognize that Michael Faraday's 
discovery of electromagnetic induction whs necessary 
for the subsequent development of electric power and 
light and traction; that the botanical research of 
Gregor Mendel in the gurden of a monastery paved 
the way for increased production by modem agricul¬ 
ture; that the theories of Willard Gibbs laid the foun¬ 
dations for much of our chemical industry. 

Realizing this dependence of the practical upon that 
which is at first impractical, many intelligent citizens 
have supported basic research in universities, whence 
the discoveries flow into the stream of knowledge. 
The universities have thus assumed responsibility for 
exploring the endless frontiers of the nation. 

In a democracy, it is appropriate that this national 
service should have been initiated by individuals. It 
is desirable that they should continue to accept that 
obligation. But it is also a proper responsibility of 
the national government, which previously has been 
charged with the development, and protection for the 
future, of basic natural resources such as forests, 
water power, soil, and fisheries. Basic research, in 
contrast to applied research and technology, is not 
unlike such resources, for it provides new scientific 
knowledge of future value for our national welfare. 
This is the reason for support of university research 
by the Public Health Service and the armed forces 
and the proposed National Science Foundation. 

In accepting such a partnership with the federal 
government the universities have assumed on obliga¬ 
tion to preserve the freedom of scientists to seek “new 
trails to knowledge.” Despite the present vigor of 
science, many who determine public polities see the 
desirability of applying a new discovery in the devel¬ 
opment of materials, machines, or weapons, in the 
treatment of disease or in the improvement of agri¬ 
culture. Few have the faith to support abstract re¬ 
search, in the exploration of the unknown, for the 
benefit of future generations. 

“If the Americans had been alone in the world,” 
said De Toequeville, “with the freedom and knowledge 
acquired by their forefathers and with the passions 
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which arc their own, they would not have been slow to 
discover that progress cannot long be made in the ap¬ 
plication of the sciences without cultivating the theory 
of them/' We are not alone in the world, but we now 
occupy a position of preeminent power in world sci¬ 
ence. In our present position iH it appropriate that 
we should benefit from the discoveries of scientists in 
other nations without contributing in return some dis¬ 
coveries to their benefit T 

Science Ib International 

There can be no consideration of modern American 
science without regard to the international status of 
America, Our position in the world and the condition 
of the world depend upon science. If you suspect me 
of exaggeration, I suggest that you recall the influence 
of the atomic bomb on world thought and action. 

The genesis of new ideas is catalyzed by the work 
and thought of others. Recognizing this, scientists 
have been among the first to realize the dependence of 
their work upon the efforts of those in other lands. 
Together with the traders for rare goods they hnvc 
sought intellectual products and new discoveries wher¬ 
ever they were to be found. This desire for interna¬ 
tional cooperation derives from no unique nobility of 
spirit, but comes, rather, from the simple realization 
of the personal advantages that derive from a free ex¬ 
change of ideas. If scientists arc belter prepared than 
others for the acceptance of the principles of world 
unity, it is because they have longer realized the bene¬ 
fits that come from such cooperation. 

American scientists roam the free world for ideas 
and knowledge, and gladly receive their foreign col¬ 
leagues who are free to come. Scientific missions to 
foreign capitals have been established for the exchange 
of information, and large sums have been allotted 
under the Fulbright Act for the interchange of schol¬ 
ars. Most significant, perhaps, is the role of the 
American government and American scientists in re¬ 
building the physical facilities for scientific research 
and teaching in foreign countries. Our nation is but 
one of the nations in a civilization that is based upon 
science, Lasting benefits of the unprecedented Euro¬ 
pean Recovery Program will depend in targe measure 
on the degree to which European science recovers its 
ability to meet the needs of a modem society. 

Science increased in any free country will be “in¬ 
creased to the benefit of mankind in general.'’ The 
observations of Galileo and Copernicus extended the 
intellectual horizons of no one national group; the 
discoveries of Faraday, the Englishman, have eased 
the labors of the citizens of many countries; a cure 
for disease discovered in Holland will be fis beneficial 
to a sufferer in New York as it would be If it were 


made in Philadelphia. The future of American sci¬ 
ence and the welfare of the American people depend 
upon the rehabilitation of science throughout the 
world. Without such a scientific recovery, thp civili¬ 
zation of other nations will become very different from 
the American culture. 

Even now we delude ourselves when we talk of liv¬ 
ing in nn age of science. The cultures of America 
and Western Europe are very different from those of 
other areas. If science expands in America without 
a corresponding development everywhere, there will 
be a further imbalance of cultures. There lies a grave 
danger to peace nnd stability. 

The use of modern science gives a nation tremendous 
power and material advantages. Accordingly, it is 
natural in these days of international tension that 
those countries in which the practical aspects of sci¬ 
ence are developed to ft high degree should be feared 
nnd suspected, and envied for the benefits they reap. 
This lends me to inject a comparison of American and 
Russian science. Excepting a few isolated, practical 
developments which would surely be used against us 
by nn enemy, the discoveries of American scientists 
are free for all to he#r nnd read. American scientists 
are encouraged to visit their colleagues overseas and 
to teach in foreign lands. Our laboratories and uni¬ 
versities have been opened to foreign visitors coming 
by the thousands. Untold millions have been contrib¬ 
uted to equip laboratories abrond. American science 
has done its part in rebuilding the international high¬ 
ways of science. This Russia has not done except in 
one week of self-gratifying celebration. 

American science—in common with till phases of 
our culture—has accepted the responsibility to share 
its knowledge and its methods with all peoples, and 
especially with victims of poverty and disease and 
ignorance. Western science has an important role in 
shaping world cultures appropriate for these times. 

Science Can Build A Better World 

Modern cities with sanitation and communication 
nnd transportation are the products of science—but 
slums and noise and polluted air are symbols of our 
too great regard for the material aspects of civiliza¬ 
tion, and of too little regard for human life; the ma¬ 
chine worker of mass production has not yet achieved 
a noble life of creation.^ Certainly the solution is not 
to abandon science, for even those who deplore most 
loudly the $vils of our machine age would reluctantly 
return to a life of ceaseless labor, hardship, and dis¬ 
ease. The same machines that build the slums can 
recreate the cities for human welfare. The planes 
that earned bombs on their missions of destruction 
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are also available for the swift transportation of sick 
and wounded. 

If I were to name another and one of the most ad¬ 
mirable characteristics of American culture, it would 
be the gradual union of the physical and the human 
sciences, and more especially the union of the natural 
sciences with the social sciences and the humanities. 
In these troubled days the scientists can take little 
satisfaction in the social consequence of their dis¬ 
coveries, The material contributions of science alone 
do not create a rich and satisfying life. Nor do the in¬ 
tellectual values of science alone provide the spiritual 
satisfaction which men crave. Scientists are merely 
partners of many others in mankind’s great endeavor. 
Science liberates men from the fear of unknown natu¬ 
ral forces, frees men from grinding toil for mere sur¬ 
vival, subdues pain, and cures sickness. Thus, science 
frees men to enjoy art and music and literature and 
the beauties of nature and religious faith. Science 
makes possible the enjoyment of much that science 
alone cannot give. Scientists are partners of those in 


other walks of life who seek to improve man’s estate. 

I should be blind to the status of modem American 
science if I did not recognize its critics and opponents. 
Many are torn between fear of new horrors science 
may add and hope that science will build a better 
world. Without science, which created the atomic 
bomb, we would still be defenseless against natural 
forces and disease. Would we rather be the certain 
victims of natural forces or possible victims of atomic 
energy misused by man? The question is: Do we have 
courage to understand the facts of nature and educate 
our fellownien to use them for human welfare? 

Science provides the building stones of a better 
world—but the world will be as we choose to make it. 

This article was condensed from a chapter in the 
forthcoming book Changing patterns in American civ¬ 
ilization (the inaugural series of Benjamin Franklin 
Lectures delivered at the University of Pennsylvania 
during the spring of 1948). The volume is to be pub¬ 
lished May 20 by the University of Pennsylvania 
Press. 


The Enzymatic Reduction of the Retinenes to 
the Vitamins A 


George Wald 1 

Biological Laboratories, Hartford University 

T HE RETINENE,, formed by the bleaching of 
rhodopsin, is converted to vitamin A t by a re¬ 
action for which reduced cozymase (DPN— 
H 2 ) Berves as coenzyme (10). Retinene! is vitamin 
A, aldehyde (£); and. the essential process is the 
transfer of two hydrogen atoms from DPN—H z to 
this molecule, reducing its carbonyl group to the 
primary alcohol group of vitamin : 

retinene reductase 

C lB H 27 CHO + DPN—H z -► 

retinene t 

C 1B H 27 CH 2 OH + DPN 
vitamin A } 

In the outer segments of the retinal rods this system 
is coupled wiih a second one which reduces DPN ( 10). 

The reduction of retinenej has been followed in 
cell-free bries of whole retinas, in suspensions of 
isolated outer segments of rods {10), and in freshly 
prepared solutions of rhodopsin in aqueous digitonin 

1 This investigation has boon supported in part by a 
grant from the Medical Science* Division of the Office of 
Naval Research, I should like to acknowledge the expert 
and devoted assistance of Mr. Paul K. Brown In many of 
the experiments 


(3, 10). Such fresh rhodopsin solutions lose the 
capacity to reduce retinene * within 3-4 hrs after 
preparation. This is because they lose their DPN— 
H 2 by the action of an enzyme widespread in animal 
tissues and particularly active in brain,' to which 
retina is closely related ( 4 ). Rhodopsin solutions 
left at room temperature for 18 hrs, which have en¬ 
tirely lost the ability to reduce retinene^ are reac¬ 
tivated by addition of new DPN—H 4 . The apoen- 
zyme, retinene reductase, is therefore relatively stable; 
the inactivation of fresh rhodopsin solutions is due 
to the loss of the coenzyme. 

The retinene reductase system has now been frac¬ 
tionated into its components, all in true solution. 
Two components are in a satisfactory state of purity 
and chemical definition; the coenzyme, DPN—H 2 , 
prepared by Ohlmeyer’s method (5); and the sub¬ 
strate, synthetic retinene^ prepared by the chromato¬ 
graphic oxidation of crystalline vitamin on man¬ 
ganese dioxide (2, 5). 

The apoenzyme has not yet been isolated as a pure 
substance, but it has been prepared free of the other 
components. It is extracted with dilute salt solutions 
from homogenized frog or cattle retinas, forming a 
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clear, almost polorless solution, From this it is pre¬ 
cipitated by half-saturation with ammonium sulfate 
and may be redissolved without loss of activity. It 
can also be dialyzed in a Visiting membrane for as 
long as 18 hrs against M/15 phosphate buffer (pH 
0.8; 5° C) without harm. It is destroyed by heating 
at 100° C within 30 sec. Its pH optimum lies at 
about 6.5. 

Retinenej is a typically fat-soluble substance and 
was originally introduced into our enzyme system 
with the aid of digitonin, with which it forms a water- 
soluble complex. This step proved to be unnecessary, 
however, since the retinal extracts which contain our 
apoenzyme take up retinene, directly. This in itself 
is evidence that retinene 1 couples with water-soluble 
substances from the retina. Primarily it attaches to 
protein, for it is precipitated from such solutions with 
the protein fraction. 

It has been known for some time that in the prod¬ 
uct of bleaching Thodopsin m solution t retinene! re¬ 
mains loosely coupled with protein (7). In this con¬ 
dition it displays the properties of a pH indicator. 
Synthetic retinene! does not exhibit this behavior; 
nor does natural retinene, after adsorption and elu¬ 
tion (tf). Ball, et al. (7) have now shown that the 
pH indicator property is characteristic of retinene! 
in the coupled condition; synthetic retinene l acquires 
this property on condensing spontaneously with cer¬ 
tain proteins, amino acids, and aromatic amines. In¬ 
deed, further evidence that the synthetic retinenej 
taken up by our apoenzyme solutions is coupled in 
this manner is that it has become a pH indicator. It 
has in fact taken on the properties generally associ¬ 
ated with the product of bleaching rhodopsin in "solu¬ 
tion. 

It is of some importance to note that retinene, is 
not restricted to a single complex in its retinal as¬ 
sociations. Rhodopsin and retinenc reductase are 
two distinct proteins. Retinene 1 normally originates 
on rhodopsin protein, but it must migrate onto the 
apoenzyme preparatory to its reduction. Such mi¬ 
grations of retinene x and changes of the molecules 
with which it is coupled must play an important part 
in retinal metabolism^ 

In the rods of fresh-water fishes, lampreys, and 
some amphibia, rhodopsin is replaced by porphyrop- 
sin (0). The bleaching of porphyropsin forms ret- 
inene B . This is reduced to vitamin A 2 by an enzyme 
system entirely comparable with that which reduces 
retinene 1 in cattle and frogs. 

This system may be assembled from the following 
components: the apoenzyme, contained in a saline 
extract of homogenized fresh-water fish retinas (sun- 
flab, yellow perch); as coenzyme, DFN—H a ; and as 
substrate, synthetic retinene.,, prepared from vitamin 


A 2 by chromatographic oxidation on manganese di¬ 
oxide (d). 

The apoenzyme from fresh-water fishes, however, 
reduces retinenej as effectively as it does retinene B . 
Conversely, the frog retinal apoenzyme reduces ret- 
inene 2 as well as retinane^ There is no reason at 
this time to designate the apoenzyme differently in 
the rhodopsin and porphyropsin Bystems, since it is 
capable, in cooperation with DPN—H z , of reducing 
either retinene to the corresponding vitamin A. It 
can be referred to simply us retinene reductase. 

It was remarked above that Tetinal homogenates 
and extracts contain an enzyme which destroys DPN. 
In our fresh-water fish extracts this destructive ac¬ 
tion was so intense as to block the reduction of ret- 
inencs even when DPN—H 2 had been added. It is 
essential to protect the coenzyme in such preparations 
and it is advantageous to do so also in extracts of 
frog and cattle retinas, 

Cozymase can be protected by adding nicotinamide 
to the enzyme system, in a final concentration of 
about 0.03 molar (7). It has been reported that 
a-tocopheryl phosphate (vitamin E phosphate; 0.0015 
molar) similarly protects DPN (tf). This last rea¬ 
gent has another beneficial effect on our system—as 
an antioxidant it inhibits the oxidation of the vita¬ 
mins A formed as products of the reaction. 

The retinene reductase system as most effectively 
assembled therefore reveals an extraordinary degree 
of vitamin interaction in vitro. The main process 
presents the novel phenomenon of one vitamin re¬ 
generating another, in that the DPN—H 2 which re¬ 
duces the retinenes to the vitamins A, contains as its 
central component the nntipellagra factor, nicotin¬ 
amide, n member of the vitamin B complex. While so 
engaged, DPN—H 2 is protected from cleavage by the 
presence of free nicotinamide. The latter is aided 
in this action by vitamin E phosphate, which simul¬ 
taneously protects the vitamins A formed in the main 
reaction from oxidative destruction. 

A complete account of these experiments will ap¬ 
pear in the Journal of General Physiology . 
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Sympathetic Ganglion Cells in Ventral Nerve 
Roots. Their Relation to Sympathectomy 

W. F. Alexander, A. Kuntz, W. P. Henderson, 
and E. Ehrlich 

Department of Anatomy, SL LomIj University 
School of Medicine 

Surgical procedures designed to bring about sympa¬ 
thetic denervation of a pnrt of the body hnve been based 
oil the assumption that all peripheral sympathetic con¬ 
duction pathways traverse the sympathetic trunks. If 
this assumption were correct, sympathetic trunk extirpa¬ 
tion or section of the corresponding white communicating 
rami would result in interruption of all sympathetic path¬ 
ways in the affected urea, and insure its complete sympa¬ 
thetic denervation. 

Failures to achieve complete sympathetic denervation, 
particularly of the extremities, by extirpation of the ap¬ 
propriate segments of the sympathetic trunks or by sec¬ 
tion of the white communicating rami in the appropriate 
segments have suggested the possible existence of periph¬ 
eral sympathetic conduction pathways which do not tra¬ 
verse the sympathetic trunk. Such pathways could be 
postulated on the assumption that some 1 embryonic, nerve 
cells, in their displacement from the neural tube, have 
failed to reach the primordia of the sympathetic tninks 
and have been differentiated into ganglion cells in the 
ventral nerve roots, or adjacent to them, where they have 
become synaptically connected with preganglionic fibers 
which either do not extend into the sympathetic trunk or 
give off collaterals to the ganglion cells in question. 

Small ganglia located in communicating rami in the 
lumbar (1, 2, 7), the cervical, and the upper thoracic 
segments (H) have been described. Moat of them appear 
to be located in gray roinmunicHting rami. Occasional 
ones have been described as located adjacent to a ventral 
nerve root, probably in a white communicating ramus. 
Wretc (7) and Hkoog (5) hate suggested the possibility 
that such ganglia may he n factor in the reaidual activity 
following sympathectomy in some cases. 

In examining a series of human bodies, we have ob¬ 
served small ganglia imbedded in vontrnl nerve rootB or 
adjacent to them, usually at the site of origin of a white 
communicnting ramus, particularly in the first and second 
thomcic and the first and second lumbar segments. Small 
ganglia have also been observed in communicating rami, 
particularly gTay rami. In the present report only those 
in ventral nerve roots or adjacent to them will be con¬ 
sidered. Most of thorn are small. Among the larger 
ones, nn Individual ganglion may comprise in excess of 
20,000 ganglion cells. In appropriate histologic sec¬ 
tions, fibers of the ventral nerve root may be traced into 


the ganglion. Fibers may also be traced distalward from 
it in the spinal nerve. The possibility that the axons of 
some ganglion cells in such ganglia extend into the sym¬ 
pathetic trunk is not precluded, but most of them appear 
to extend distalward in the spinal nerve without travers¬ 
ing the sympathetic trunk. A nerve with sympathetic 
ganglion cells located in its ventral root or adjacent to it, 
therefore, includes direct sympathetic conduction path¬ 
ways which nrc independent of the sympathetic trunk 
and which, consequently, are not Interrupted by extirpa¬ 
tion of the corresponding sympathetic trunk or section of 
the white communicnting rami which join them. 

The an atomic demonstration of sympathetic conduction 
pathways which involve synaptic connections in ventral 
nerve roots, and which do not traverse the sympathetic 
trunk, affords n more satisfactory explanation than has 
been possible hitherto for most of the failures to achieve 
complete sympathetic denervation by sympathectomy, in 
the absence of faulty operative technic, The frequency 
with which direct sympathetic pathways occur ih indicated 
by the frequency with which residual sympathetic activity 
can be demonstrated following interruption of all the 
pathways which traverse the sympathetic trunk. In nn 
extensive series of patients who had been subjected to 
extirpation of the sympathetic trunk from the eighth 
thorncic to the third lumbar segments inclusive, Bay anil 
Console ( 4 ) demonstrated sympathetic activity, particu¬ 
larly in the twelfth thoracic and the upper three lumbnr 
dermatomes, in every case. 

Resection of the ventral roots of the second and third 
thoracic nerves has been carried out, particularly by 
Hmithwick (6 F ), in preganglionic sympathectomies of the 
upper extremities. The advantage of this procedure 
probably depends on interruption of direct sympathetic 
pathways in which the ganglion cells arc located in rela¬ 
tion to the ventral root of the second thoracic nerve. 
Since the ganglion colls associated with the ventral roots 
of lumbar neives appear to be located mainly in the first 
and the second lumbar segments, section of the ventral 
roots of the first and second lumbar nerves, in addition 
to extirpation of the lower two thoracic and the upper 
throe lumbar segments of the sympathetic trunk, probably 
would insure complete sympathetic denervation of the 
lower extremity in most cases. 
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Inactivation of Enzymes by Visible Light 
in the Presence of Riboflavin 

Arthur W, Galiton and Rosamond S. Baker * 

Kerckboff Laboratories of Biology , 

California institute of Technology f Pasadena 

During a study of the mechanism of light action on 
plant growth (2, 2) it was found that riboflavin can 
sensitize the photo-oxidation of various in dole* containing 
compounds, including the plant growth hormone indol- 
;iretie acid and the amino acid tryptophane. Such pho¬ 
to-oxidations proceed rapidly at low concentrations of 
riboflavin (0.1-10 y/cc) and at moderate light intensi¬ 
ties. Because tryptophane is normally present as a con¬ 
stituent of proteins, it seemed desirable to investigate 
the possibility that riboflavin could have a similar effect 
upon the tryptophane of protein molecules. 

For convenience in determining the effectiveness of our 
photoinactivntion system we decided to use various en¬ 
zyme preparations as experimental proteins In such 
experiments we have invariably found that enzymes 
suspended in riboflavin solutions are rapidly innetivnted 
by visible light. Thus urease is completely inactivated 
iu 2i Ur, oL-nmylusc in 6 lir and tyrosinase in 17 hr. 
Hince no enzvmo which we have investigated lias proved 
insensitive to this photoinactivatinn procedure, the phe¬ 
nomenon seems to bo quite general. In this paper, we 
shall report in some detail the results of our experiments 
with the a-iLtnylnsG of malt diastase. 

The a-amylaae investigated was present in Merck di¬ 
astase of malt. Preliminary investigations demonstrated 
that the enzyme reacted most rapidly in the pH range 
5.9-6.A. M/15 pH 6.1 phosphate buffer was therefore 

employed as standard throughout these experiments. 

The malt diastase wus made up into a 1% stock solu¬ 
tion which was stored under toluene in the refrigerator. 
Such stock solutions wore found to retain full activity 
for at least 1 week. Immediately prior to use, the en¬ 
zyme was diluted tenfold. For the study of the reaction, 
1 cc of diluted enzyme was mixed with 4 cc of buffer 
and then with 5 cc of previously boiled 1% soluble 
starch. At desired time intervals, 1-cc aliquots of the 
reaction mixture were removed and added with vigorous 
stirring to JO cc of KI.I fl solution. The stock solution 
of this reagent was 2% KI, with enough rosuhliined 
iodine crystals Added to give a distinct yellow color. 
The stock was diluted 14100 immediately prior to use. 

The blue color resulting from mixiug the 1-cc aliquot 
of the reaction mixture with 10 cc of the 1:100 KI.I fl 
was found to be quite stable and convenient to measure, 
A11 determinations of color intensity wore made in a 
Klott-Summerson photoelectric colorimeter, using a red 
filter. Colorimeter readings at zero time were approxi¬ 
mately 230; these readings fell linearly to zero in ap¬ 
proximately 30 min at room temperature (23° C). 

In order to compare the activities of control and ex¬ 
perimental enzyme preparations, it was necessary to 
adopt some arbitrary unit of activity. For this purpose, 
we determined the time ( necessary for complete disap¬ 


pearance of the starch color, and then expressed enzyme 
activity as 1/t. In almost all cases, t was directly de¬ 
termined, but where partially inactivated enzymes were 
reacting very slowly, t was approximated by extrapola¬ 
tion. 

To determine whether rihoflnvin could sensitize the 
photoinactivation of a-nmylase, 1 cc of the diluted en¬ 
zyme was mixed with 1 cc of pH 6.1 phosphate buffer 
either lacking (control 1 ) or containing (experimental) 
100 y of the riboflavin (Rbf). Tubes were either stored 
in the dark or were illuminated by 400 ft candles of 
fluorescent white light for 1 hr. At the end of this 
time, 3 cc of buffer and 5 cc of 1% soluble starch were 
added to each tube and aliquots removed for colorimetric 
analysis every 10 min. In order to insure that dif¬ 
ferences in activity would be due to the pretroatment of 
the enzyme and not to riboflavin effects on starch hy¬ 
drolysis itself, riboflavin was incorporated into the buffer 
added to enzymes not previously so treated. The re¬ 
sults of such an experiment are shown in Table 1. It 
ia clear that visible light or riboflavin applied separately 
have but slight effect on the rate of enzyme action, but 
that illumination of enzyme solutions containing ribo¬ 
flavin result in a marked reduction of enzyme activity. 


TAB L1C 1 

Effect ok 1 Vjhih/.k Light on Activity of an Enzyme 
Nunhjtizkji nv Hiuoflayin" 


Contents 

Illumination 

Starch- -KI,I U 

during’ 

tin rln 


color after 

pre treatment 

pretrentment 

10 min 20 min 30 min 

1 cc enzyme 

1 cc buffer 

dark 

m 

04 0 

1 re enzyme 

1 re buffer con¬ 
taining 100 7 rbf. 

SI 

134 

71 12 

1 ce enzyme 

*00 ft can (lie 



1 ce buffer 

fluorescent 
white liffht 

127 

79 10 

1 ce enzyme 

1 or buffer con¬ 
taining 100 7 rbf, 

■■ 

157 

- 135 112 

• Temp ■ 23° C, 

presentment 

period = 1 

hr. After pro- 


treatment all tubes were mode up to run tain X cc enzyme, 3 
ce buffer, 1 re buffer-riboflavin and 5 re 1 % starch solution. 

We next endeavored to arrive at some understanding 
of the nature and kinetics of the inactivation reaction. 
For this purpose a series of tubes was prepared in the 
dark room, necessary illumination for the operations 
being supplied by a 74 W ruby-red bulb. Into each tube 
was placed 1 cc of enzyme and 1 cc of buffer containing 
100 y of riboflavin. The tubes were then carried into 
the laboratory and exposed to the light. At various 
intervals, tubes were removed from the light rack and 
returned to the dark room. At the ond of 17 hr, all 
exposed tubes were tested for residual enzyme'activity, 
To each war. added 3 cc of buffer and 5 cc of 1% starch 
solution. Aliquots were then removed at 1 frequent in¬ 
tervals! and the time, t, necessary for complete disap¬ 
pearance of the starch color was determined. Data are 
presented In Table 2. A plot of the log of relative em- 
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zyme activity against duration of p re illumination yielded 
a straight line (Fig. 1), This indicates that the inac¬ 
tivation follows the time course expected for a first-order 


TABLE 2 

Effect of Duiiation or Illumination on activity or 
u-Amylabb Sensitized by Riboflavin 


Duration 

of 

exposure 
to light 

Time (t) 
la min to 
complete 
disappearance 
of starch 

0 

34 

10 min 

30 

30 min 

48 

1 hr 

66 

2 hr 

114 

3 hr 

220 

4 hr 

360 

D hr 

582 

17 hr 

00 


1 

Relative 

T 

activity 

.0294 

100 

.0250 

87 

.020B 

71 

.0152 

52 

.0088 

30 

.0045 

15 

.0028 

10 

.0017 

4 

0 

0 


reaction and probably involves a "one-hit 71 mechanism. 

Subsequent experiments with antibodies and with bac¬ 
teriophage have demonstrated that these typos of pro- 



HOURS OF PREILLUMINATION 

Fig. 1. Effect of duration of prelilumlnation upon the 
In activation of a-unyUse, 


terns are also rapidly photoiaactivated in the presence 
of riboflavin. 

As early as 1879 (1) it was reported that sunlight, 
especially the blue-violet wavelengths, could cause the 
aerobic pilotoinactivation of a crude enzyme prepara¬ 
tion. Von Tappeiner (6) (see also other references in 
the roview by Schemer [5]) later reported that the 
addition of fluorescent dyes such as eosin greatly ac¬ 
celerated Buch photoinactivation. It is perhaps not sur¬ 
prising, therefore, to find that riboflavin, which is 
strongly fluorescent in blue light, produces a similar 
effect. 

Our investigations (unpublished) on the relation of 
light intensity and riboflavin concentration to the rate 
of photoinactivation strongly indicate that this type of 
reaction could proceed in vivo, at least in green plants. 
This reaction may therefore be of some importance in 
one or more of the light-growth reactions of plants such 
as phototropism, photoperiodism, and the light inhibition 
of intornorle growth. 

It is also interesting to note that numerous investi¬ 
gators (4) have attributed the effects of ultraviolet ir¬ 
radiation of enzymes to a specific absorption by trypto¬ 
phane. Since riboflavin is known (J) to cause the 
photoinactivation of tryptophane, this reaction may pro¬ 
vide a mechanism whereby visible light produces the 
same sort of effect on enzymes as ultraviolet light. 
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A New Method for Isolation and Purification 
of Mammalian Striated Myofibrils 1 

Arinin F. Schick and George M. Han 

Tbs Rush Department of Pathology, 

Presbyterian Hospital, Chicago 

The following method has been devised for isolating 
large numbers of mammalian skeletal and cardiac myofi¬ 
brils in highly purified form without modifying their 
microscopic structure or reactivity to adenosine triphos¬ 
phate. 

The method with slight variations is suitable for iso¬ 
lation of myofibrils of man, rabbit, dog, and guinea pig. 
The present discussion is concerned principally with the 
isolation of skeletal myofibrils of rabbits and properties 
of the segregated fibrils. 

A bloek (95 x 25 x 10 mm) of living white muscle from 
the anterior thigh was rapidly frozen and cut with a cold 

iThli research was aided by a gnat from the Otho 8. A. 
Sprague Memorial Fund. 
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Fio. 1. Fio. 2. Fig. 3. 


microtome into unctions, 15 in thickness. The sections 
were transferred to 250 cc of potassium phosphate and 
citric acid buffer solution (pH 7, ionic strength 0.25, 
temperature 0° C) containing 5,0 cc of a 0.4% filtered 
solution of commercial trypsin. Sample sections were 
removed periodically, mounted under a cover slip nnd 
Btudied microscopically. When gentle pressure on the 
cover slip was sufficient to rupture the BArcoletnma (Fig. 
1) and permit the escape of segregated myofibrils (usu¬ 
ally after 30-45 min of tryptic digestion), the sections 
were filtered from the enzyme buffer solution, washed, 
and resuspended in h potassium phosphate and citric acid 
buffer solution (pH 6.4, ionic strength 0.25). This sus¬ 
pension was agitated in a Waring blender for 5-10 see. 
During this treatment the sarcolemma ruptured and myofi¬ 
brils were released. This crude preparation was purified 
by repeated washing and centrifugation at 0° C. The 
final suspension of myofibrils formed a white fiocculent 
mass containing only microscopic traces of collagenous 
and cellular debris. The myofibrils, usually single, but 
occasionally adherent in groups of two or more, wore 
elongated, birefrlngent rods measuring 0,25-1.2 ^ in 
diameter in fixed preparations. "A" and “I" disks 


were distinct but “25" lines were rarely seen (Fig, 2). 

The solubility of the myofibrilB was studied micro¬ 
scopically. They promptly dissolved in 5-10 volumes of 
a cold aqueous alkaline solvent (0.5 M potassium chloride, 
0.03 M sodium bicarbonate) yielding a viscous solution 
showing birefringence of flow. In cold buffer solutions 
(pH 1-12, ionic strength 0.15), the myofibrils dissolved 
in the ranges: pH 1-4, and pH 10-12. 

The influence of ionic strength and potassium chloride 
on the solubility of myofibrils was determined by adding 
potassium chloride to cold phosphate and borate buffer 
solutions (pH 6-11, ionic strength 0.05). The myofibrils 
dissolved in solutions (ionic strength 0.2) alkaline to 
pH 10; in solutions (ionic strength 0.3) alkaline to pH 
8; and in solutions (ionic strength 0.5) alkaline to pH 0. 
Comparable results were obtained with potassium phos- 
phato buffer solutions of varying ionic strength and pH. 

When isolated myofibrils under direct microscopic ob¬ 
servation were immersed in a solution (0.075%) of ade¬ 
nosine diphosphate and triphosphate at room tempera¬ 
ture, they spontaneously and rapidly contracted into 
small round masses. This contraction was not reversible 
(Fig. 3). 


Paleocene and Eocene Strata in the 
Bearpaw Mountains, Montana 1 

Roland W. Brown and William T. Pacora 
O. S. Geological Survey, Waibington, D. C. 

The dark, rounded features of the Bearpaw Mountains, 
rising some 4,500 ft above the surrounding plains in north 
central Montana, can be soon readily from railroad or 
highway between Chinook and Havre or between Havre 
and Big Bandy. Centennial Mountain, the most con¬ 
spicuous land form in the western part of the mountains, 
has the appearance of a Sleeping bear. This resemblance 
and the Indian legend associating the mountain with a 
prominent adjacent butte near Box Elder provided the 
original name 11 Mountain of the Bear’s Paw.” The 

1 Published by permission of the Director, U. B. Geological 
Survey. 


softened contours of the Bearpaws are in large part the 
result of normal differential erosion of diverse rocks plus 
the effect of a forest mantle consisting of Douglas fir, 
ponderosa and lodgepole pines, cottonwood, aspen, white 
birch, service beny, cherry, hawthorn, rose, raspberry, 
aider, and dogwood—in brief, an outpost of the Rocky 
Mountain flora, 150 miles distant. 

In this Bearpaw region irruptlve magmas (now stocks, 
plugs, dikes, sills, laccoliths, flows, and agglomerate piles) 
in the Tertiary penetrated and at times overflowed a 
terrane originally of nearly horizontal sedimentary strata 
of late Mesozoic and eaxly Tertiary age. These sedi¬ 
mentary formations exposed in and around the mountains 
are now tilted and faulted, with fault blocks of widely 
differing agda abutting against one another (7). The 
resulting complex geologic relations are unfortunately 
somewhat obscured in large areas by glacial deposits and 
bench gravel. The junior author began his geologic 
studies in 1997 with particular emphasis on the petrology 
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of the mountains (d, 4 , 5) f hut for a few days in 1940 
and in the period August 13-22, 1948, the senior author 
joined in the field study of specific stratigraphic prob¬ 
lems where paleobotanies! experience was needed. 

The identity of the coal-bearing strata several hundred 
feet stratigraphically above the marine Bcarpaw shale 
(Cretaceous) in the southern part of dlie mountains has 
been subject to controversy for many years. These beds 
were identified in 1912 and 1914 as Fort Union by F. H. 
Knowlton for Pcpperberg (6) and Bowen (1). In 1925, 
Beeves (7), on the basis of lithologic similarity to rochs 
of other regions with which he was familiar, designated 
the strata as Lance rather than Fort Union. In new col¬ 
lections recently made by the writers from carbonaceous 
shales and clays at the Tdcal, Flatness, Blue Pony, 
Nygnurd, Mackton, N L Bauch, and Nielsen Ranch coal 
mines and prospects are the following plants; Glyptostro- 
bns dakotcnxix, Sequoia (Metasrquxiia) sp., Ccrcidiphpl- 
him arctwum, Aralia notata, Viburnum antiquum, and 
Viburnum asperum . This is clearly a Fort Union (Paleo- 
cone) assemblage and supports the earlier conclusions of 
Knowlton and Bowen. 

The Fort Union formation in the Bearpnw Mountains 
is characterized by brownish yellow sandstones and coal 
beds. Tike total thickness of the formation is not known 
but the portion exposed is in excess of 200 ft. The 
Judith Biver formation (Cretaceous), stratigraphically 
underlying the Benrpaw shale, also contains coni beds 
mined and prospected in the northern part of the moun¬ 
tains. The coal of the Judith River formation is, how¬ 
ever, generally poorer in quality than that of the Fort 
Union formation. Associated carbonaceous shales and 
clays contain a diagnostic species of AraucariicH . Sev¬ 
eral invertebrates also distinguish the Judith River for¬ 
mation. 

Between the Fort Union formation and the Bcarpaw 
shale is h coal-barren series of greomgrny sandstones and 
thin shale beds. This section, in excess of 600 ft, is 
probably equivalent to the Fox Hills and Lance sequence 
that represents the uppermost Cretaceous sedimentation 
iit this region. 

Stratigraphically overlying the Fort Union formation, 
or faulted against it and oldor beds, is a sedimentary 
formation at least 450 ft thick, characterized in the basal 
part by a variegated sequence of sandstone and siliceous 
shale and in the upper part by sandstone and conglomer¬ 
ate. The dominant colors in the formation are red, 
purple, gT&yish yellow, and grayish green. A carbon¬ 
aceous shale in the lower part of the formation yielded 
the floating fern Salvinia preauriculata, a diagnostic 
plant. for the early Eocene in the Rocky Mountains and 
PlainB region. The variegated beds yielded fragmentary 
remains of vertebrates (gar pike scales, turtles, and 
mammals), Qf particular significance are a small, tooth* 
less, unidentified mammalian jaw and one somewhat worn 
molar tooth, identified by Dr. C. L. Gazin, of the U, S. 
National Museum, as resembling that of Somogalm e, a 
tapirlike Eocene creature. Lithologically, the variegated 
sequence here assigned to the Wasatch formation, strik¬ 
ingly resembles the Wasatch in the Bighorn and Powder 


Biver Basins, Wyoming, where JSohippus, Coryphodan, 
Piacodexis, and many other Eocene mammals have been 
found. 

The conglomerate in the upper part of the Wasatch 
formation in the Bearpaws represents boulder-channel 
deposits by streams of high gradient and is composed 
largely of quartzite like that of the Belt series (pre- 
Cambrian) in the Rocky Mountains. Other rocks present 
are limestone (Paleozoic), extrusive or intrusive por¬ 
phyry, serpentine, and diorite-gabbro. None of the 
boulders ie of local Bcarpaw Mountain origin. Many 
of the boulders display pressure scars and accompanying 
fractures recemented by matrix sand, indicating effect 
of adjustment stressos attending or immediately follow¬ 
ing deposition of the boulders. Subsequent jointing of 
the indurated boulder bed produred secondary fractures 
in many of the boulders. Similarly bruised and frac¬ 
tured pebbles and boulders in conglomerate in Arizona 
were described by Campbell (:?). 

Unconiformably overlying the Wasatch formation in 
the southern Bearpaws are volranic deposits of different 
compositions and ages. The oldest of these, principally 
latite, contains in the basal part tuff&eeous beds that arc 
plant-bearing. Remains of the following plants were 
identified: Equinetum sp., Platanua sp., -drolia sp., Chac- 
toptelca sp., Laurus sp. 7 Hydrangea sp., and Per sea sp. 
Some of the leaves are represented by only one fragment 
and consequently the species cannot bo determined defi¬ 
nitely at this writing. The general aspect of the assem¬ 
blage, however, is that of other early or middle Eocene 
floras, in particular those of Yellowstone National Park 
and the Wind River Basin of Wyoming, but better col¬ 
lections may conceivably indicate a somewhat younger 
age. 

The Eocene volcanic beds are of local Benrpaw Moun¬ 
tain origin. Their eruption was preceded by intrusions 
of monzonitic intrusive rocks and followed by a great 
variety of intrusive and extrusive igneous rocks, prin¬ 
cipally of alkalic affinity and presumably also of Eocene 
age. 

It is evident that regional sedimentation in north 
central Montana continued into Eocene time, when it 
was interrupted locally by uplift and igneous activity. 
The Pnleocene and Eocene formations, preserved in a few 
down-faulted blocks in the Bcarpaw Mountains, were 
probably at one time continuous with formations of simi¬ 
lar age now exposed in distant parts of Montana, Wyo¬ 
ming, and the Dakotas, the intervening portions having 
been removed by erosion. Thus, in the plains area of 
north central Montana, vertical fault displacements of 
about 2,000 ft preserved early Tertiary strata in down- 
thrown blocks, and erosion in uplifted structures removed 
a stratigraphic section exceeding 5,000 ft in thickness. 

In summary, the evidence here submitted establishes 
the existence in the Bearpaw Mountain region of coal- 
bearing strata of the Fort Union formation (Paleocene); 
of variegated and conglomeratic strata of the Wasatch 
formation (early Eocene); and of volcanic rocks of prob¬ 
able middle Eocene age, The first settles on old contro¬ 
versy; the second reveals strata not hitherto reported 
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And dated; and the third restricts the probable date of 
the beginning of volcanic activity in the region. 
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Sex Differences in Blood 
Pressure of Dogs 

Edward J. Van Lien, J. Clifford Stickney, 
and David F. Manh 

Departments of Physiology and Pbarmacology t 
School of Medicine, West Virginia University 

There have been numerous reports in the literature 
dealing with blood pressure values in presumably normal 
men and women. Recently Boynton and Todd (i) re¬ 
ported blood pressure determinations on 75,258 students 
at the University of Minnesota—truly a formidable num¬ 
ber. There were 43,800 men and 31,458 women in the 
various age groups studied. The mean systolic blood 
pressure for men and women of all ages was 122 and 111 
mm of Hg respectively; the diastolic, was 74.5 and 69.7 
mm of Hg respectively. Tn every nge group, save that 
over 40, the meAii systolic pressure in men significantly 
exceeded that in women. Other workers have reported 
similar differences in blood pressure between the sexes, 
although a minority of authors believes that there is no 
significant difference. 

It was thought worth while, from the standpoint of com¬ 
parative physiology, to study the problem in the dog, to 
see if significant differences in blood pressuro exist there 
between the sexes. It was deemed impracticable to deter¬ 
mine the blood pressuro in dogs by the indirect method, 
that is, by use of the Inflated cuff. Therefore, 147 anes¬ 
thetized dogs were used. Sodium barbital was the anes¬ 
thetic chosen and was given either intravenously or intra- 
peritoneally (300 mg/F^g). In the latter instance it was 
given 00 to 90 min prior to the blood pressure deter¬ 
minations. Under surgical anesthesia, a cannula was in¬ 
serted into the carotid artery and the blood pressure 
recorded by means of a mercury manometer. After the 
normal blood pressure readings had been ascertained, these 
animals were used for other experimental purposes, be-* 
fore recovering from the surgical anesthesia. 

Table 1 shows the results obtained. The male dogs 
had, on the average, a blood pressure of 9 mm Hg higher 
than that of the females. This difference is also reflected 
in the median values: 132 mm Hg for the males; and 
124-125 for the females. 


Tatum and Pursons (J) in 1922 called attention to the 
desirability of using barbital as an anesthetic agent for 
dogs, since it had the significant property of preserving an 
approximately normal blood pressure. As far as known, 

TABLE 1 


Hex DiEpfiBE.Vf en 

in Blood 

Poehni he IN 

Dous 

Blood 
preHSure 
range 
mm of Hg 

Number of 
nmleB 

Number of 
females 

Male 
nverage 
mm of 11 h 

Female 
average 
inm of Hg 

60-79 

0 

1 


on 

80-00 

3 

6 

01 

02 

100-110 

12 

24 

111 

110 

120-130 

28 

24 

120 

128 

140-150 

14 

23 

150 

147 

100-170 

0 

*» 

105 

166 

180-100 

1 

0 

190 


00 100 

U7 

80 

134 

125* 


Standard 

Deviation : 

21.5 

20.7 


* The difference (0 mm of Hg) between blood pressure for 
male and female dogs ban a t value (according to Fisher) of 
2.5803 ; for this value p Ih 0.011. The standard error of 
thin difference Ih 3.50. 

furthermore, the barbiturates have the same effect on mule 
as oil female dogs, in contradistinction to the action of 
some of them on malt* and female rats. Our results are not 
entirely comparable to those of Hamilton ( 2 ), who found 
no significant differences in blood pressure values be¬ 
tween the sexes in street dogs. His method differed from 
ours, in that he used light doses of morphine sulfate and 
in that our experiments wore performed on unselected 
dogs. It was impossible for us to control the age factor, 
except for the fact that only adult dogs were used. 

It is to bo concluded from our data that in adult barbi- 
talized dogs, mules have a significantly (p = 0.011) higher 
mean systemic blood pressure than females by 9 min Hg. 
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A Metabolism Cage for Small Animals 

fl. K. Harned, Raymond W, Cunningham, and 
Edna R. Gill 

Lederle Laboratories , P earl JUtvr, Nev> York 

The cage designed by Henriques and Hansen (J) for 
the quantitative collection of urine and described by 
them in 1904 has undergone numerous modifications. 
Borne of these have simplified the form and Increased 
the rugged mss (J, 8) while others have overcome specific 
problems in quantitative collection (4). The modifica¬ 
tion described below falls into the lost category and was 
designed to isolate the feces so that subsequent specimens 
of urine could not contact them. The value of this a dap- 
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tation is obvious when one wishes to analyze the urine 
for a compound which may be present also in the feces. 



The essential features of the new separating unit are 
shown iu Figs. 1 and 2. A 3-in funnel (C) placed in¬ 
side of a 104-in ribbed funnel (A) collects the feces 
which either roll down the sides of (A) or hit the conical 
shield (B) and are deflected first to (A) and then to 
(C). The rim of the smaller funnel should be thin, 
approximately 1/3- in. A glass plug (D) prevents 
feces from entering the neck of funnel (C). Funnel 
(A) is a ribl^ed Mooney air vent model, preferred be¬ 
cause of its small nock. Shield (B), detailed in Fig. 2, 



completely covers funnel (C) and deflects all urine to 
the surface of (A) where it runs between the funnels 
Into a collecting graduate. This shield is a right circular 
cone with a slant height of 34 in and a diameter of 
54 in at the base. It ib supported by three rods S/32 
in v in diameter and bent at such an angle that the 
terminal i in rests snugly on the sides of funnel (A). 
That portion of the rod which contacts the funnel is 
covered with rubber to prevent slipping. The cone is 
made of copper coated with tin and covered with a thin 
uniform layer of paraffin. 


This assembly (Fig. 1) is supported by a 6-in iron 
ring anchored to a large ring stand. The animal is con¬ 
fined in a cylindrical cage B4 in in diameter and 9 in 
high, made from 4-in wire mesh. This cage is anchored 
to the same stand by an L-shaped iron rod which sup¬ 
ports it in funnel (A) so that its bottom la 4 in below 
the rim of the funnel and 4 in above the vertex of 
cone (B). 

Twenty of these units have been in use for more than 
two years and satisfactorily accomplish the purpose for 
which they were designed. 
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Penicillin in Relation to Acid Production in 
Milk by Starter Cultures Used in 
Cheddar Cheesemaking 1 


H. Kfttznelion and E. G. Hood 

Division of Bacteriology and Dairy Research, 

Department of Agriculture, Ottawa , Canada 

The extensive use of penicillin in control of bovine 
mastitis has resulted in warnings to chcosc factory milk 
producers (I) that sufficient penicillin may be carried 
over into the milk to interfere with normal development 
of acid by Btarter culture organisms when added to thiB 
milk in manufacturing Cheddar cheese. Slowness of acid 
production in tho vat extends the time of manufacturing 
appreciably and results usually in low quality cheese. 

The problem was studied by inoculating mixed or single 
strain starter cultures at the rate of 3% into pasteurized 
milk, dispensing 100-ml amounts into bottles, and adding 
a known amount of penicillin (ranging from 10,000 to 
0.05 units) to each bottle. The bottles were incubated in 
a water bath at 98° F; 9-ml aliquots were removed at 
hourly intervals for titration with 0.1 N’NaOH using 
phenolphth&lein as indicator. Complete inhibition of 
acid production was obtained with 100 units, and virtu¬ 
ally complete stoppage with 50 units penicillin per 100 
ml milk. Partial inhibition was evident with 0.5-5.0 units 
in both the mixed and single strain starter series. 

Penicillinase 2 when added at the rate of 0.02 mg per 
^ bottle completely canceled the effect of 5-10 units of 
penicillin and permitted appreciable acid production in 
the presence of 100 units of the antibiotic. The devel- 

1 Contribution No, 276. 

■ Kindly supplied by Miss E. Campbell, Laboratory of 
Hygiene, Department of National Health and Welfare, Ot¬ 
tawa, Canada. 



May 13, 1940, VoL. 109 


SCIENCE 


491 


opment of starter cultures composed of penicillin-resistant 
strains of lactic streptococci is another possible means of 
overcoming this difficulty. Cysteine did not do this even 
when added at the rate of 1-10 mg per bottle. Pasteuri¬ 
zation of milt containing varying amounts of penicillin 
failed to inactivate the antibiotic, 

Whore occasional mastitis-infected animals are treated 
with penicillin this problem of inhibition of starter ac¬ 
tivity in the milk may not arise owing to dilution of 
the penicillin in the pooled milk supply. However, where 
extensive use of penicillin is boing made, its inhibitory 
effect can be a source of considerable concern to the 
choesemaker. Whitehead (1) suggests that milk obtained 
from cows during the 3-day penicillin treatment, and for 
one day thereafter, be used for purposes other than 
cheesemaking. The loss of this milk could be obviated 
most simply by addition of penicillinase. 
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A Convenient and Rapid Method of 
Calibrating Warburg Manometers 

W. F. Loo mil 

Department of Biology, 

Massachusetts Institute of Technology 

Although several methods have been described for the 
calibration of Warburg constant volume respirometers 
( 1 , £, 6), it is generally agreed that calibration with 
mercury is the most reliable. Present descriptions ( 1, 
6, 7) advise filling the invertod manometers through the 
neck from above, which Is often cumbersome in practice 
due to the trapping of air bubbles in the column of mer¬ 
cury. Wo have recently used a variation of this method 
in which mercury is allowed to flow up into the manom¬ 
eter from below, thus avoiding this difficulty. 

Using the mq£hod illustrated in Fig. X, the time re¬ 
quired for calibrating a manometer is reduced to less 
than 6 min. The only experimental value needed for 
calibration is the total volume (P) of the cup-manometer 
system, which for convenience is measured in two sepa¬ 
rate weighings. A scratch is placed on the neck of 
the manometer about halfway between the ground glass 
joint and the glass prongs that hold the fastening 
springs. The volume below this scratch will be referred 
to as V e or the volume of the cup; while that above will 
be referred to as P», the volume of the manometer. The 
sum of V e and V M yields (F). Since the change in 
density of mercury between 20" and 28* is not significant 
in the determination of Warburg constants to two deci¬ 
mal places, these volumes are obtained simply by divid¬ 
ing the weight of mercury by 1S.04. 

Once (P) has been obtained, fc„ 9 and at 26” and 
at 87 s may be read directly off the nomogram published 
by Dixon (J, 4) for the determination of Warburg 
manometer constants. For this, a hair line Is stretched 


from the extreme left hand (P) scale across to the ex¬ 
treme right hand (v,) scale, where v r stands for the 
arbitrarily agreed on volume of fluid in the manometer 
cup. 

For the convenience of workers unfamiliar with ma¬ 
nometer calibration, the present method will be described 



in detail. All weighings arc made on a crude pan bal¬ 
ance to tlio nearest tenth of a gram. 

To obtain V c : 

1. Weigh the empty cup, stopper in place. Fill the 
cup completely with clean mercury, adjusting the level 
with a medicine dropper until the column of mercury just 
roaches the scratch mark when the cup is ground onto 
the manometer. Reweigh, and divide the net weight by 
13.54 to obtain V 0 . 

To obtain V M : 

1. Attach a funnel to a ring stand as illustrated, and 
wire onto it a 3-ft piece of rubber tubing selected to fit 
snugly on the end of a manometer. Place a clamp on 
the end of the tubing and fill with about 100 ml of clean 
mercury. 

2. Hold the inverted manometer above the level of the 
mercury reservoir and attach its lower end to the tubing. 
Remove the clamp and, slowly lowering the manometer, 
allow the mercury to flow evenly up into both the manom¬ 
eter limbs. 

3. Leaving the mercury in free communication with 
the mercury in the reservoir, adjust the level of the mer¬ 
cury simultaneously in the two limbs until it just reaches 
the scratch mark on one side and the desired null point 
(180 mm for example) on the other. It is convenient to 
mark these two points with & thin red crayon for rapid 
identification. 

The above adjustment is best done freehand with the 
elbows firmly planted on the table. The funnel should 
be adjusted to a convenient height depending on the op¬ 
erator, When the mercury columns are properly ad¬ 
justed by combining the movements a) tipping the ma¬ 
nometer, and b) Tailing and lowering it relative to the 
mercury in the funnel, the stopcock should be dosed one- 
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eighth (not one-fourth) of n turn with the marking dot 
down. 

4. Raise the whole manometer, keeping it slightly 
tilted, and turn the stopcock another eighth of a turn 
thus allowing air to enter the end of the stopcock and 
the excess mercury to flow back towards the reservoir. 
Detach the tubing from the manometer after replacing 
the clamp. 

5. Allow the mercury to flow into a tared vessel and 
divide the net weight by 13.54 to obtain V M . Disregard 
the small amount of mercury in the channel of the stop¬ 
cock as this is below the level of significance. A perma¬ 
nent record of the V M values should bo made for future 
reference. 

The above maneuver requires perhaps 15 min of prac¬ 
tice before repeatable results are obtained, but onco 
mastered permits rapid calibrations in duplicate. 
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Effect of Radioactive Phosphorus (P ra ) in 
the Culture Medium on Growth and 
Viability of Phomopsis citri and 
Diplodia natalensis 


Enton V. Miller and Jerome J. Wolken 

Department of Biological Sciences, 

University of Pittsburgh 

Some interesting results were obtained while studying 
the effects of radioactive phosphorus on the physiology of 
Phomopsis citri and Diplodia TUitalensis, the fungi com¬ 
monly causing stem-end decay in oranges. 

Potato dextrose agar was prepared in two lots that 
were identical in every respect, except that one lot con¬ 
tained 20 ml per 1 of a solution of radioactive phosphorus. 
The radioactivity of the solution introduced into the agar 
ranged from 0.150 to 0.245 pc/ml, with a half-life of 
14.3 days. The control lot of agar was treated with nn 
equal amount of 0.1% solution of NaH 2 P0 4 . Mycelial 
tufts of the fungi were transferred from pure cultures to 
the center of the agar in Petri plates, and the daily rate 
of growth of the cultures wus determined by measuring 
increase in diameter. During four replications of the 
experiment the P 32 showed a tendency to retard the 
growth of Diplodia natalensis, whereas the results with 
Phomopsis citri were not very consistent. 


When transfers of the organisms were made from the 
Petri plates to orange fruits, the fungi that had been 
grown on radioactive media were sIowct in producing 
decay than were the control lots. California oranges 
were selected for inoculation to avoid the possibility of 
natural infection in the fruits, since the two fungi under 
consideration are rarely found in oranges produced under 
irrigation. A total of 400 fruits were employed, 200 of 
each variety, There were four lots of 50 fruits in each 
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experiment. Inoculations were made by removing the 
stem-buttons, cutting a slit in the exposed stem with a 
sterile Be alp el, and then forcing some of the agar and 
mycelia into the slit. Navel oranges wore inoculated with 
mycelia from cultures in which the P«'«i had shown definite 
inhibitory effects on the rate of growth of the two fungi. 
In the experiments in which Valencia oranges were used, 
the inoculum was taken from cultures in which no signifi¬ 
cant retardation of either fungus had been produced by 
the P 32 . Tests were made with navel oranges in April 
and with Valencia oranges in November, so that each 
variety was inoculated near the end of its commercial 
sen son, when one would not expect much resistance on the 
part of the fruits to pathogens. 

It will be noted in Table 1 that in ojl instances there 
was more decay in the orangeB when inoculated with fungi 
from control media than when the inoculating organisms 
had been grown on radioactive media. The effect was 
not so pronounced with Valencia oranges as with the 
Washington navel variety. With the navels, the control 
fungi caused at least twice as much decay as did the 
fungi that had been cultured on radioactive media. How¬ 
ever, the results in all Instances were highly significant. 

The ability of the fungi to cause decay was reduced by 
exposure to P* 3 , irrespective of whether or not growth of 
the organisms on culture media liad been previously re¬ 
tarded. Furthermore, the radioactivity of the solutions 
employed was not great. The original solutions, with an 
activity of 0.150 to 0.243 pc/ml, were diluted 50 times 
in making up the culture media. At the time that the 
Petri plates were poured and Inoculated, 1 ml of the 
agar emitted 10,000 to 11,000 counts per min. Inocula¬ 
tions were made into oranges a week or ten days later, 
and the amount of inoculum employed weighed approxi* 
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mately 20 mg. No radioactivity could be detected in the 
inoculum at the time that the oranges were inoculated. 
The delayed action of the fungi in infecting the fruits 
therefore appeared to be the result of previous exposure 
to P aa rather than to any actual radioactivity conveyed 
to the fruits in the inoculum. The very low activity of 
the original solutions suggests the possibility that greater 
dosages might be employed without too great an increase 
in health hazards. 

It would he Interesting to observe the effects of radio¬ 
active phosphorus on the subsequent doeny of oranges, 
if the phosphorus were applied in the grove either as a 
spray or as a fertilizer, Although fungicidal sprays are 
employed in the groves, in commercial practice the most 
concerted efforts to control decay are made in the pack¬ 
ing houses. However, control of stem-end decay of cit¬ 
rus fruits is made much more difficult because the two 
eausnl organisms become established in the stem tissues, 
and few fungicides will penetrate these tisanes without 
injuring the fruits. 

Progesterone in Blood Plasma of Cocks 
and Nonovulating Hens 1 

Richard M. Frapi 

Bureau of Animal Industry , l/SDA, Beltsville, Maryland 

Charles W. Hooker 2 and Thomas R. Forbes 
Department of Anatomy, Yale University 

Teste utilizing the method of Hooker and Forbes (4) 
hnvo indicated the occurrence of progesterone in blood 
plasma of the regularly ovulating hens at leust during 
certain phases of the ovulatory cycle («?). In extending 
these original observations, we thought it desirable to 
test raw plasma samples from males, and also from re- 
productivoly quiescent hens, as controls against possibly 
untoward reactions of the mouse endometrium to pre¬ 
sumably progesterone-free plasma of avian origin. Pre¬ 
liminary tests unexpectedly yielded positive, and alto 
gether typical, progesterone reactions. Additional assays 
confirmed these findings—the first direct evidence, so far 
as we are aware, of progesterone in the blood stream of 
normal males of any species. 

The sex, breed, and age of the seven fowl furnishing 
plasma samples are recorded in Table 1, together with 
assay findings. Undiluted plasma (0.33 jig/ml) from the 
New Hampshire male did not give a positive reaction, 
possibly because of uterine distension or loss of material 
from the ligated segment. The questionable result from 
■one of the females at the 1.0 jig/ml level may be ac¬ 
counted for similarly. All other findings are consistent 
among themselves; plasma from the two capons was com- 

1 This investigation was sided by grants from the Com¬ 
mittee for Research 111 Problems of Bex, National Research 
Connell, and from the James Hudson Brown Memorial Fund 
<tf the Yale University School of Medicine. 

- Present address; Department of Anatomy, Emory Uni- 
veniltj School of Medicine, Emory University, Georgia. 


plotely negative at all levels tested. 

The maximal levels of progesterone recorded in Table 
1 are relatively high, ca. 9 p,g/ml plasma, or about half 
the concentration most frequently encountered by Forbes 
and Hooker (£) and Hooker and Forbes (J) in mammals 

TABLE 1 

IlJCNrXTH UP AHNAYN FOB FRO II ENT KRONE IN I'LASMA FROM 
Male, Nonlaytng Female, ano Cahtiiatkd Fowl 


Hource rtf plasma ProgCNlemne, pg/inl* 


Hex 

Brppdt 

Age 

0.33 

1.0 

3.0 

5.0 

Main 

W.L. 

15 months 

1 

■t 

n.l. 

n.t. 

*• 

W.L. 

10 

+ 

4 

4 

- 

" 

N.H. 

IN 

- 

4 

+ 


Female 

W.L. 

10 

4 

1 

n.t. 

n.t. 

" 

W.L. 

10 

■1 

+ 

4 - 

+ 

Capont 

Nil. 

7 

- 

- 

~ 

- 

11 

N.H. 

oil. -1 yoil rN 

- 

- 

-• 

- 


* TMuh uml minus algiiN Indicate presence and absence re- 
Hpectlvely of progesterone at Indicated assay levels ; n.t. 
no test at this lpvel. 

t Breeds : W.L., White Leghorn ; N.H., New Hampshire. 
t Castrated at 0 weeks of age. We are indebted to the 
Poultry Department. University of Maryland, for placing 
these capons at uur disposal. 

with active corpora lutea. The surmise that progesterone 
at these concentrations exercises some specific, if pres¬ 
ently unknown, function seems reasonable. 

We cannot exclude the possibility that the substance 
in avian blood eliciting in the mammal the same reaction 
as progesterone may in fact not be progesterone. How¬ 
ever, two of us (6) have recently completed tests of 
Borne 25 substances believed most likely to duplicate the 
action of progesterone; none of them did so in our tests. 
It is of especial relevance that testosterone and desoxv- 
corticostcrone acetate did not reproduce the effects of 
progesterone by the mouse assay (J). 

Progesterone has been isolated from the adrenal glands 
of oxen (I), and pregn&nediol concentrations in the urine 
of bulls are reported to exceed those normally found In 
the urine of pregnant cows, mares, or women (7). These 
and numerous other observations of an Indirect nature 
have suggested that progesterone is not necessarily lim¬ 
ited in occurrence to the female. The actual Andiug of 
progesterone in the blood stream of male fowl substanti¬ 
ates these views. 

More extended investigations of nvian and mammalian 
plasma from males, nonpregnant females, and castrates 
are (Currently in progress. 
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Comments and 
Communications 

Concerning a Dog's Word Comprehension 

It is difficult to be sure of the extent that animals are 
able to generalize the meaning of those words to which 
they do definitely react. Data in this connection are as 
apt to come from spontaneous occurrences as from out¬ 
right experiment. 

To us the word table means something with a top, any 
kind of top, with four legs most frequently, any kind of 
legs, that is any size, any shape, and is used for a vari¬ 
ety of purposes. Can a dog know table in that sense? 
Is a table anything but a special object with which the 
dog has special associations? 

A woman who owns a large male English Better named 
Topper had given him a bone periodically, This always 
had occurred in the kitchen. Accompanying the act she 
always had said 11 Table, Topper/ 1 whereupon Topper 
had promptly carried the bone under the kitchen table. 
The woman, of course, had merely wanted to keep the 
rest of her kitchen floor clean. The table is a good-sized 
kitchen table. 

Now one day there was a party in the living room. 
There were candy wrappers. Topper saw them and went 
to work on them. The woman immediately said: "Table 
Topper." She meant that he should take the papers 
into the kitchen under the table and chew them there. 
Instead, the dog seemed confused a moment, looked 
around, then deliberately walked to a small decorative 
coffee table, squeezed himself under it 'with difficulty, 
head far out in front, rump far out behind, and there 
confidently chewed. Plainly table in that dog's mind 
stood for something general, with at least two quite dif¬ 
ferent examples. I invited the woman and her dog to 
my laboratory. I gave him a bone. Ajt the woman's 
command he Instantly went under a laboratory table. 
We tested him with all kinds of tables. The dog always 
went under the nearest table, never under the nearest 
chair or into a corner or a niche. Some weeks later the 
woman called me. She and. the dog had been out in the 
large field back of their house, and the dog had dug up 
a buried bone. Almost Idly, the woman had sold: 
"Table, Topper." She had thought there was no'table 
but she was wrong. At; the end of the field, definitely 
out of sight, was an old|picnic table that had been left 
there the previous summer. Topper knew about that 
table, and there lie patiently carried the bone and 
munched. 

To me it appears that the "Table, Topper" has be¬ 
come a stimulus for an action that Includes the under¬ 
standing of table as a fairly extended concept. In the 
last situation the dog has even laboriously searched out 
a table that he remembers and that the woman has for¬ 
gotten. That is, this dog seems to understand the word 


with something approaching the spread of implications 
that it has for us, 

Gustav Eckstein 

Department of Physiology , 

University of Cincinnati 

Interference with the Ultramicro Ascorbic Acid 
Method of Lowry, Lopez and Bessey 

The ultramicro method of Lowry, et al. (J. biol. Chem., 
1945, 160, 609) for the determination of ascorbic acid 
was used without special difficulty for nearly a year. 
Interference was subsequently encountered and since it 
may have been observed in other laboratories using this 
method, our experience with it and the means of avoiding 
it are herewith described. Interference was first encoun¬ 
tered when an orange-red precipitate formed immediately 
after the addition of the dinitro-phenyl hydrazine reagent. 
This became progressively worse and occurred with blank, 
standard, and sample tubes alike. The precipitate dis¬ 
solved only slightly upon addition of sulfuric acid and 
could not be completely removed by centrifugation. 
When it was possible to obtain a reading with the 
spectrophotometer on the reaction mixture, the values 
were high. 

In an intensive effort to determine the cause of this 
precipitate, each of the reagents, including the distilled 
water, was systematically tested; the deep freeze storage 
unit was inspected for leaks of refrigerant; and other 
possible causative factors were sought. Finally, the cut¬ 
off ends of rubber sleeve stoppers, recommended by 
Lowry, et al. for sealing the micro tubes, were tested by 
extraction with 5% trichloroacetic acid, the protein pre¬ 
cipitant used in the method. When this extract was 
added to the dinitro-phenyl hydrazine reagont, the char¬ 
acteristic precipitate formed immediately and consisted 
of the same needle-like crystals previously observed in 
the complete method. 

A possible explanation for the failure of this Interfering 
precipitate to develop when the method was first em¬ 
ployed may be found in the fact that the rubber stoppers 
arrived with a protective coating. It was not entirely 
removed by the simple soap and water washing procedure. 
Perhaps the coating later wore off sufficiently to permit 
the liberation of some compound capable of reacting with 
the trichloroacetic acid and the dinitro-phenyl hydrazine 
reagent to produce the precipitate observed. Soaking the 
stoppers overnight in a IN solution of sodium hydroxide 
in 60% alcohol, followed by thorough rinaing with dis¬ 
tilled water, merely hastened the development of the 
preclpitato. 

The method is now successfully carried out by scaling 
each micro tube with a tiny oxygen-gas flame which closes 
it quickly without heating the tube contents or harming 
the ascorbic acid. Doubtless other satisfactory means of 
sealing these tubes eon be found, but they should be 
tested first for possible interference with the reaction. 

The chemical composition and properties of the pre¬ 
cipitate are under investigation by one of us (R.R.S.) 
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at the Iowa State College Laboratories. 

Ruth L. Goodland, Robert R. Sealock, 
Nivtn S. Scrimshaw, and Lbland C. Clark 

University of Rochester School of Medicine 
and Dentistry f Rochester , jVeu> York; 

Iowa 8tate College, Ames, Iowa; and 
Feh Reecaroh Institute, Antioch College, 

Fellow Springs, Ohio 

Aerating Liquids by Agitating on a 
Mechanical Shaker 

Kluyvcr and Perquin’s Schuttelkulturmethade (Bio - 
chem. Z 1933, 26fl, 60) has become a popular method of 
studying the physiology of molds. This method Involves 
continuous agitation of submerged cultures on shaking 
machines and assures a more uniform supply of nu¬ 
trients and oxygen to all cells as well as a more uniform 
removal of gaseous waste products than does the surface 
culture method. During studies on the metabolism of 
Penioillium chryuogenum, generously supported by the 
Bristol Laboratories, it became desirable to determine 
how much greater the potential supply of oxygen is in 
shaken media than in media kept stationary. Since cer¬ 
tain media foam quite vigorously when shaken, the 
question of how seriously such foams interfere with the 
diffusion of oxygen also needed consideration. 

Experiments to measure the rate at which oxygen dif¬ 
fuses into media would be most significant from a physi¬ 
ological point of view when performed with media that 
contain respiring cells. Unfortunately such experiments 
are also the most laborious to set up. For example, one 
could suspend varying amounts of cells in shake-flasks 
and observe the rate at which they take up oxygen. A 
graph of **volume of oxygen absorbed per unit timc M 
plotted against " amount of cells" would indicate a 
direct proportion between the two until a further in¬ 
crease in colls no longer gave an increase in respiration. 
This would mean, provided that the supply of oxidizable 
substrate is adequate, that the rate of respiration has 
become so high that it is limited by the rate of oxygen 
diffusion into the medium. The rate of oxygen uptake 
corresponding to the horizontal portion of the curve 
would then be a measure of the rate at which oxygen 
diffuses into the medium. (Gf. Umbreit, Burris, and 
Stauffer. Manometric techniques. Minneapolis: Burg¬ 
ess, 1045, p. 9.) 

One could, of coursq, determine the rate of diffusion 
more simply in the absence of respiring cells. These 
determinations unfortunately are subject to the criticism 
that any conclusions which they may suggest are not 
necessarily applicable to living systems. However, Binee 
at least preliminary information can be obtained in this 
manner, such determinations were made as follows: 150 
ml of freshly boiled and rapidly cooled distilled water, 
sometimes containing added substances, were placed in 
500-ml Erlenmeyer flasks, which were than plugged with 
cotton, and agitated at 28" C on a reciprocating shaker, 
haring a 4-in stroke and shaking at a rate of 85 strokes 
per min. At aero time and at intervals thereafter, the 


amount of oxygen dissolved was determined by the 
Winkler method (American Public Health Association, 
Standard methods for the examination of water and 
sewage, New York, 1946). All determinations were 
made at least in duplicate. 

Fig. 1 gives some typical absorption curves. Oxygen 
dissolved in agitated liquids very rapidly, nearly satu¬ 
rating the liquid within a few minutes, Diffusion into 
still water proceeded slowly, as expeeted. In all cases 
the rate of absorption was most rapid at the beginning 
of the experiment, and slowed down as saturation waB 
being reached. Assuming the ideal case in which oxygen 
is used by the organisms as fast at it is furnished, one 
can estimate the potential oxygen supply from these 
high initial rates. For example, under our conditions 
oxygen diffused into shaken distilled water during the 
first 30 sec at a rate of about 30 ml of oxygen per hr 
per 150 ml of distilled water, which would theoretically 
support the growth of 1 g (dry weight) of cells having 

Effect of Shaking on the 



Fiu. l. The rule at which oxygen diffused during the 
first 30 sec, In ppm per hr per 150 ml of liquid was; 800 
for shaken distilled water; 50 for stationary distilled water; 
380 for shaken distilled water containing 0.05 ml penicillin 
(lefonmer; and 320 for distilled water containing 0.5% 
glucose. 

a Qn s of about 30. This estimate is made with reserva¬ 
tions, since the presence of high concentrations of nu¬ 
trients and of cells will reduce the solubility of oxygen. 

Not only did oxygen diffuse six times more rapidly 
into agitated water than into quiet water, but the total 
amount of oxygen present after 3 hr was 70% greater 
in the shaken than in the undisturbed water. Further¬ 
more, it also seems likely that until the still water be¬ 
comes completely saturated with oxygen there is an 
uneven distribution of oxygen; however, no determina¬ 
tions were made to test the validity of this assumption. 
The addition of 0.05 ml of Swift’s "penicillin de- 
foamer,' 1 an antifoam agent used in the manufacture of 
penicillin, did not appear to have a significant,effect on 
the diffusion of oxygen; neither did the addition of 
0,5% glucose. 

It was at first difficult to find an artificial system that 
might be comparable to a medium covered by a foam, 
because the various foams tested in preliminary ex- 
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periments (euch ua beaten egg white, foams produced 
from solutions of corn steep liquor, Rinso, and Tide) 
either interfered with the Winkler method or were un¬ 
stable. However, when nitrogen was bubbled from a 
Pyrpx gas dispersion tube with fritted cylinder through 
a 2.5% solution of gum arabic, a thick foam developed 
which completely covered the solution and in spite of 
agitation stayed intact for about an hour. Fig. 2 shows 


Effect ofa Gum-Nitrogen Foam 
on the Diffusion or Oxygen 



Flo. 2. The rnte nt whk'li oxygen illffuserl during the 
flrwf HO sec* Jo ppm per hr per 150 ml of liquid wan: 140 
for the gum nrnblc solution ; 150 for the gum arable solution 
rnntululng 0.05 ml of penicillin defoamer; 80 for the gum 
arnhle solution lhat con mined 0.05 ml of defoamer and 
through which nitrogen was bubbled ; 0 for the gum arable 
solution covered with a gum n ruble-nitrogen foam. 

that, as long ns this foam persisted, the diffusion of 
oxygen was almost completely prevented. The possibil¬ 
ity thnt the flushing with nitrogen removed enough 
oxygen from tile overlying atmosphere to decrease the 
rate of diffusion was examined by repeating the ex¬ 
periment in the presence of 0.05 nil "penicillin de- 
fnanicr." This antifoam agent prevented the foam, and 
diffusion proceeded nt a fairly rapid rate. Flushing 
with nitrogen apparently did decrease the rate of dif¬ 
fusion somewhat, as can be seen from the absorption 
curve for the solution of gum arabic that contained the 
antifoam agent but through which no nitrogen was 
bubbled. The fact that oxygen diffused more slowly 
into the gum solution than into distilled water can 
probably ho explained by an increase in the viscosity of 
t-ho solution. Gum arabic did not interfere significantly 
with the Winkler titration. When gum concentration was 
increased in intervals of 0.5% from 0% to 3%, the dif¬ 
fusion rate decreased markedly while the titration blanks 
at zero time were about the same for all levels. 

These results do not necessarily imply that the foam¬ 
ing that occurs during actual shake-flask fermentations, 
interferes as seriously with aeration as did the gum 
arabic-nitrogen foam in our experiments. They do, how¬ 
ever, draw attention to the need for further studies on 
the aeration of microbial cultures. 

Opal B. Starks and H. Koffler 

Deportment of Biological Sciences, 

Pvrdue University 


Only Qualified Praise of Chisholm's 
"Social Responsibility” 

George Brock Chisholm J s article (Science, January 14, 
p. 27) received the unqualified approval of Rollin G. 
Myers in your March 11th Comments and Communications 
section (p. 204), and it appears justified to exprcsB in 
these pages some criticism on a basic point of I>r. Chis¬ 
holm 's philosophy since it is hoped that almost everybody 
in this country, at least, will agree with Dr. Chisholm J s 
aims and efforts in general. 

Tlie point in question is Dr. Chisholm’s concept of 
"original sin." Dr. Chisholm snys "The uncomfortable 
fact is that very few people indeed can love themselves 
in a healthy natural way which tolerantly accepts all 
their own human urges us normal and inevitable aspects 
of the healthily functioning man or woman. Most of 
us, by being civilized too early or too forcibly, have been 
driven to believe that our natural human urges are 'bud/ 
‘not nice/ 'wicked/ ‘sinful/ or whatever the local equiv¬ 
alent may be. . . . Unfortunately, the concept of 'sin’ 
is, under one name or another, very firmly entrenched 
throughout much of the world." 

It would seem that Dr. Chisholm is unfamiliar with 
the history of the Christian concept of "original sin" 
and particularly with the attitudes of such outstanding 
contemporary theologians as Reinhold Niolmhr and Paul 
Tillich. Suffice it to quote from R. Niebuhr's Beyond 
tragedy, essays on the Christian interpretation of history 
in condensation us follows: "Bin is not so much a con¬ 
sequence of natural impulses which in animal life do not 
load to sin as of the freedom of reason by which man 
is able to throw nature out of joint and to make fateful 
decisions in human history. . . . Sin lies at the juncture 
of spirit and nature. . . . The most basic need of the 
human spirit is the need for security. . . . The primary 
insecurity of human life arises from its fimteness and 
weakness. . . . When man looks at himself ho finds him¬ 
self to be only one of many creatures in creation. But 
when he looks at the world he finds his own mind the 
focusing center of the whole, When man acts he con¬ 
fuses these two visions of himself. He knows that he 
ought to act as to assume only his rightful place in the 
harmony of the whole. But his actual action is always 
informed by the ambition to make himself the centre 
of the whole. . . . When thought gives place to action, 
self intrudes itself into every ideal. . . . His sin is to turn 
CToatureUness into infinity . . . when he centers his life 
about one particular impulse . . . tempted by his peculiar 
situation of being a finite and physical creature and yet 
gifted to survey eternity." 

It is exactly, then, the recognition of being sinful, the 
concept of the ever-present danger of deceiving himself, 
which ennobles man and which offers a hope of over¬ 
coming the great difficulties of present international 
human relationships. 

Otto E. GutteKtag 

University of California Medical School 
San Francisco 
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Book Reviews 


Physiology .* vegetative physiology > (Part I.) (Fiat 
Review of Germun Science, 1930—1946.) Berlin, Ger¬ 
many; U. S, Army, Economics Division, Research Con¬ 
trol Brunch, APO 742, 1948. Pp. 224. 

Tliie review was organized by the Field Information 
Agencies Technical (FIAT) of the military govern¬ 
ment for Germany under the editorship of F. H. Rein. 
It covers, year by year, German literature on vegetative 
physiology and other literature on the subject with which 
the Germans wore in contact for the years 1930 through 
1946. Tim contents arc “Further Developments of 
Physiological Methods/' hy H. Brunner, “Physiology 
of the Gaseous Components of the Blood," by E. Opitz, 
“Physiology of Blood Coagulation," by E. Wohlisch, 
“The Peripheral Circulation," by M. Schneider, “Phys- 
iology of the Heart," hy K. Kramer, and “Electro¬ 
cardiography/ 1 by F. Schiitz. All of the authors linvo 
covered tlieir subjects well. 

It. is not easy to summarize a review which refers to 
half a dozen papers on nearly every page. The section 
on methods deals particularly with electrical methods, 
including electrical manometers and technics for gas 
analysis. Among these is an “oxygen sound/ 1 hy which 
a. lamp and photocell can bn introduced into the heart 
in animals to measure oxygen content of mixed venous 
blood in situ. The second deals with arteriovenous oxy¬ 
gen differences in different organs; that of pure muscle 
blood is high during rest (30 to 70%) and very high in 
maximal work (over 00%). References are made to the 
German Himalayan expedition reports. The section on 
blood coagulation should be valuable to those working 
in this complex Held. The fourth section gives attention 
to Rein 'h work on the subordination of chemical and 
nervous vasoconstrictor mechanisms to local effects dur¬ 
ing activity. The fifth section discusses the control of 
the intact heart as compared with the isolated heart, 
and Rein’s theory of interrelations between liver and 
heart metabolism. “Electrocardiography" is not ame¬ 
nable to analysis. 

The review refers to many other papers of importance 
which could not possibly bo listed here. 

H. C. Bazett 

University of Pennsylvania 

Biochemical evolution . Marcel Florkin. (Edited, trans¬ 
lated and augmented by Sergius Morgulis.) New 
York: Academic Press, 1049. Pp, vi + 157. (Illus¬ 
trated.) $4,00. 

This shoyt monograph fails to achieve the author's 
purpose as stated in his foreword. In the translator's 
preface it is suggested that “Some may object that the 
title is overambitious . . . and beyond the true measure 
of the book's scope/' The reviewer does object and not 
only because, as suggested by the translator, “It deals 
with only half of the biological world." A major part 


of the book is devoted to a secondary purpose, l.e., to 
showing that a biochemical classification of animals does 
not differ from the taxonomy of morphologists. That a 
static classification of the animal kingdom, either bio¬ 
chemical or morphological, supports tho common concep¬ 
tion of evolution us u dynamic and continuing aspect of 
life is at least a debatable point. Approximately one- 
fourth of the text describes examples of so-called bio¬ 
chemical adaptations. Tho pitfalls encountered in con¬ 
sidering adaptions as a factor in the evolutionary process 
are too well known to be emphasized. In tbe extreme 
analysis life itself could be cited as an adaption. The 
contribution of modem genetics to our understanding of 
evolution is barely mentioned. 

The volume is well bound and the typography is ex¬ 
cellent. The style of presentation is dull and uninspir¬ 
ing; perhaps it suffers in translation. Both biologists 
and biochemists will encounter a peculiar difficulty in 
reading tbe text: common, general taxonomic, mid spe¬ 
cific names are intermingled; thus, rat, oyster, and TV?ie- 
brio 7 hoIitor. The important and extensive studies of tho 
biochemistry of lower forms of animal life by Florkin 
and co workers are discussed briefly in relation to the 
author’s views on biochemical evolution. These studies 
could provide the material for a monograph apart from 
their relation to evolution. The reviewer suggests that 
this would have been of more interest as the present 
volume contains little about biochemical evolution that 
has not been expressed better by previous writers. 

C. R. Treadwell 

School of Medicine, 

George Washington University 

Climatic accidents in landscape making: a sequel to rf Land¬ 
scape as developed hy the processes of normal erosion 

(2nd printing.) C. A. Cotton. New York: John Wiloy, 
1048. Pp. xx + 354, (Illustrated.) $7.00. 

This is the second printing of a book issued in 1942. 
It is in part a sequel to the author’s Landscape , which 
treats of land forms developed by common processes in 
humid climates. This volume deals with “interruptions" 
in “normal" geoinorphic cycles. 

Section I discusses dry and dry-seasonal climatic land¬ 
scape types. It includes eollan erosion, arid erosion cycle, 
the cycle under semi-arid conditions, piedmont slopes and 
lateral plaqation, sheetflood erosion, the cycle of desert 
mountains, savana landscapes and Inselbcrgs, and sand 
dunes. The reviewer does not consider these forms to be 
climatic accidents in a strict sense but ratheT results of 
specific climatic conditions, as “normal" as those re¬ 
sultant from* humid climates. 

Section II is a treatment of the salient features of gla¬ 
ciated landscapes. It treats of glaciers (in a brief and 
somewhat elementary fashion), glacial erosion (rather 
briefly), the manifold land forms resulting from glacier 
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erosion (In considerable detail), the doctrine of glacial 
protection, and the constructional forms. In a long 
range geologic view these are climatic accidents, although 
scarcely more so than some other geomorphic phenomena 
which are not repeated with any great regularity. The 
discussion of erosional features produced by alpine gla¬ 
ciers is excellent and stimulating. 

The illustrations, both text diagrams and photographs, 
are notable in their clarity and pertinence. 

The author's effort has boon successful in assembling 
and interpreting a vast amount of geomorphic data in 
two climatic environments, and in its synthesis into a 
coherent and interesting picture of land formB in arid and 
glacial climates. This is a book that should be on the 
reading shelf of all geomorphologists, geographers, and 
others interested in these climatic factors. 

Arthur Bevan 

Illinois Geological Survey 

Advances in protein chemistry, (Vol. IV.) M. L. Anson 
and John T. Edsall. (Eds.) New York: Academic 
Press, 1948. Pp. lx+ 575. (Illustrated.) $8.60. 

The eight reviews and essays in this volume deal with 
an interesting variety of themes bearing on the proper¬ 
ties of proteins and amino acids. 

In "Protein Gels," John D. Perry surveys develop¬ 
ments of the past few years, mainly on gelatin and 
flbrin gels, and provides a valuable discussion of the 
phenomenon of protein gelation. In "The Interactions 
of Proteins and Synthetic Detergents," Frank W. Put¬ 
nam considers, in addition to the qualitative effects of 
surface active compounds on proteins and biological 
systems, evidence as to the mechanism of such inter¬ 
actions—binding via electrostatic forces, and the complex 


formation aided and stabilized by van der Waals' forces 
between nonpolar groups. 11 Proteins of Pathogenic 
Bacteria," by A. M. Papponheimer, Jr., presents a brief 
but stimulating discussion of bacterial proteins (par¬ 
ticularly from group A hemolytic streptococci), exo- 
toxins and toxic enzymes, and methods for their ex¬ 
traction. 

Alexander B. Gutman, in "The Plasma Proteins in 
Disease," furnishes a much needed review of a highly 
complicated subject. The critical dismission of methods, 
results, and their interpretations will be appreciated by 
the thoughtful reader. "Preparative Electrophoresis 
and Ionophoreais," by Harry Svensson, offers brief 
technical discussions of apparatus (compartment? type 
and moving boundary) for the electrical fractionation 
of crystalloids and colloids, A. Neubergor, in "Stereo 
chemistry of Amino Acids," gives well-organized dis¬ 
cussions of the configuration of the amino acids, reac¬ 
tions involving substitutions ou the a-carbon atom, 
catalytic rncemization, and the occurrence of D-amino 
acids and their derivatives in nature. ( * X-Ray Studies 
of Amino Acids and Peptides ,' 1 by Robert B. Corey, 
presents the results of diffraction studies on the atomic 
positions in crystals of diketopiperazine, glycine, DL-ala- 
nine and (J-glycylglyeine, and inferences therefrom as 
to the structures of and intermolecular fore,os in crystal¬ 
line proteins. "Homo Proteins," by Jeffries Wyman, 
Jr., is an extensive survey "designed to bring out the 
beautiful interdependence of structure and function in 
the heme proteins, and in particular the balance between 
the character of the heme, the character of the protein, 
and the nature of the heme-protein linkage, in determin¬ 
ing the properties of the molecule." 

Barnett Cohen 

Johns Hopkins School of Medicine 


Scientific Book Register 


Amis, Edward 9. Kvnetios of chemical change in solu- 
tion. New York: Macmillan, 1040. Pp. ix + 332. (Il¬ 
lustrated.) $5.00, 

Arnow, L. Earle. Introduction to physiological and 
pathological chemistry. (3rd ed.) 8t. Louis: C. V. 
Mosby, 1949. Pp. 595. (Illustrated.) $4.00. 

Baldwin, Ernest. An introduction to comparative bio¬ 
chemistry. (3rd ed.) Cambridge, Engl.: Univ. Press; 
New York: Macmillan, 1948. Pp. xiii + 104. (Illus¬ 
trated.) $1.75. 

McNemar, Quinn. Psychological statistics. New York; 
John Wiley; London: Chapman & Hall, 1949. Pp, 
vii + 384. (Illustrated.) $4.50. 

Moore, Raymond Cecil. Introduction to historical ge¬ 
ology. New York-London; McGraw-Hill, 1949. Pp, 
ix + 582. (Illustrated.) $5.00. 

Schenk, Edward T., and McMabtebs, John H. (Re¬ 
vised by Keen, A, Myra, and Muller, Siemon Wil¬ 
liam*) Procedure in taxonomy : including a reprint of 


the International Pules of Zoological Nomenclature 
with summaries of opinions rendered to the present 
date, (Rev. ed.) Stanford, Calif.: Stanford Univ. 
Press, 1948. Pp. vii + 93. $2.50. 

Tebch, J. J. The theoosomatous pteropods: the Indo- 
Paciftc. (Part II.) (The Carlaberg Foundation's 
Oceanographic Expedition Round the Worid 1628-30 
and Previous "Dana" Expeditions, No. 30.) Copen¬ 
hagen: C. A. Reitzels; London: Oxford Univ. Press, 
1048. Pp. 45. (Illustrated.) 10/. 

The measurement of stress and strain in solids: based on 
the proceedings of a conference arranged by the Man¬ 
chester and District Branch of the Institute of Physics 
on ll f ISf and 13 July 1943 . London; Institute of 
Physics, 1948. Pp. x + 114, (Illustrated.) $4.00. 

. Jaarboeh der Koninklijkc Nederlandsche Alcad 
emie van Wetensohappen. Amsterdam: N. V. Noord- 
Hollandiche Uitgevers Matschappij, il948. Pp. 220. 
(Illustrated.) 
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NEWS 

and Notes 

\ 

James Stevens Simmons, dean of 
the Harvard School of Public 
Health, has been appointed chairman 
of the Advisory Medical Board of 
the Leonard Wood Memorial (Ameri 
can Leprosy Foundation). Gen. 
Simmons was recently awarded the 
Legion of Honor by the French 
government in recognition of his 
service to France as chief of the 
Preventive Medicine Service for the 
U. S. Army. 

Alexander M. MacKay, Canadian 
anesthetic specialist, has been ap 
pointed subchairman of the Depart - 
ment of Anesthesiology at the Uni¬ 
versity of Wisconsin to succeed 
Ralph Waters, who retired last fall. 

S. C. Ogburn, Jr. has been made 
a director of the Foote Mineral Com 
pany of Philadelphia, where he holdH 
the position of manager of research 
and developmant. 

Francis W. Dunmore, co-inventor 
with the late Harry Diamond of the 
blind landing system for aircraft 
retired from the staff of the National 
Bureau of Standards after 31 years 
of service. 

Ralph W. Sockman, chaplain of 
New York University and pastor of 
Christ Church, Methodist, has been 
made director of the Hall of Fame 
for Great Americans to succeed the 
late James Rowland Angell. 

Abbott Research Laboratories has 
announced three recent appoint¬ 
ments; Marlin T. Leffler as assis¬ 
tant director of research, Marvin A. 
Spielman as head of the organic re¬ 
search department, and Arthur W. 
Weston as assistant head. 

Hans Lowenbach, associate pro¬ 
fessor of neuropsychiatry at Duke 
University, has been called to ac¬ 
tive duty by the U. S. Army Medi¬ 
cal Corps for a year's service in the 
European theater. 


Carl L. Titus, former director of 
the Magnetic Recorder Division, Ar¬ 
mour Research Foundation, Chicago, 
has been appointed assistant director 
of the Stanford (California) Re¬ 
search Institute, where he will be in 
charge of development and industrial 
service. 

Isadore Levin, director of the 
Physical Medicine Department, Doc¬ 
tors Hospital, Washington, D. C., has 
been appointed an associate professor 
of medicine, in charge of the Depart¬ 
ment of Physical Medicine of the 
Georgetown University School of 
Medicine. 

Hans Brattstrtim, of Lund Uni¬ 
versity, Sweden, has been appointed 
professor of zoology at the Univer¬ 
sity of Bergen, Norway. Professor 
Brattstrom is at present studying the 
fauna of the Pacific along the south 
coast of Chile. 

Stanley A. Cain, plant geographer 
at the Cranbrook Institute of Science, 
will attend the ninth International 
Phy to geographic Excursion in Ire¬ 
land in July. He will also attend a 
conference at Trinity College, Dublin, 
on current problems in glacial his¬ 
tory of northeastern Europo. 

Earle K. Plyler, of the National 
Bureau of Standards' Radiometry 
Laboratory, has been appointed cci-. 
sultan t to the Atomic Energy Com¬ 
mission at Oak Ridge, where ho will 
act as advisor on molecular spectra 
and infrared spectrometry. 

John O. Brew, lecturer on anthro¬ 
pology and director of the Peabody 
Museum, has been appointed Pea¬ 
body Professor of American Ar¬ 
chaeology at Harvard University. 

James A. Shannon, director of 
the Squibb Institute for Medical 
Research, New Brunswick, New 
Jersey, has been appointed associate 
director of the National Heaift In¬ 
stitute in charge of research. 

Arthur J. Eamea, professor of 
botany, Cornell University, has been 
appointed president of the Section of 
Morphology and Anatomy of the 
Seventh International Botanical Con¬ 
gress to be hold in Stockholm next 
year. 


Visitors to U. S. 

James F. Danielll, English cancer 
specialist and honorary secretary of 
the British Biological Council, gave 
a series of lectures at the Univer¬ 
sity of Chicago, April 27-29. 

Hideki Yukawa, nuclear physicist 
of Hy o to Uni versity, J ap an, h as 
been named visiting professor of 
physics at Columbia University for 
the 1949-60 academic year. Pro¬ 
fessor Yukawa is presently engaged 
in research at the Institute for Ad¬ 
vanced Study at Princeton. 

A. M. J. F. Michels, of Van der 
Waals Laboratory, Amsterdam, pre¬ 
sented a paper on high pressure as 
a tool in the Btudy of molecular 
physics at the recent meeting of the 
American Physical Society, in 
Washington, D. C. 

L. H. Gray, of the Radiotherapeu- 
tic Research Unit of the Medical Re¬ 
search Council, Hammersmith Hospi¬ 
tal, London, spoke on the influence of 
morphology of the ionization tract 
on the biological effects of radiation, 
at the Argonne National Laboratory 
seminar held April 22, Lars Me- 
lander, of the Sweden Nobel Insti¬ 
tute, Stockholm, was another recent 
visitor at Argonne, 

Grants and Awards 

Gilbert Grosvenor will be the first 
recipient of the National Geo¬ 
graphic Society’s newly established 
Grosvenor Medal. He will be given 
the modal May 19, on his 50th an¬ 
niversary as editor-in-chief of the 
National Geographic magazine. 

The U. S. Atomic Energy Com¬ 
mission will finance 21 new re¬ 
search programs in biology and 
medicine, under contract with 16 
universities and two hospitals. 
Eleven of the contracts will be ad¬ 
ministered directly by the AEC; 
the remainder by the Office of 
Naval Research. The contracting 
institutions, administrative offices, 
project supervisors, and studies to 
be made are as follows: 

Amherst College, ONR, H. H . 
Plough, research in radiobiology 
and chemical genetics; University 
of Cincinnati, ONR, Robert Kehoe r 
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studies on chronic berylliosis, tumor 
production by beryllium, and an¬ 
alytical methods; Columbia Univer¬ 
sity, AEG, S . C. Werner , use of 
radioactive iodine in developing 
quantitative assay method for 
thyrotropic hormone; University of 
Delaware, ONR, Mary A, Russell, 
comparison of the effects of X-rays, 
neutrons, and mustard compounds 
on the growth and development of 
corn seedlings; University of Den¬ 
ver, ONR, Fred E. D’Amour, the 
physiologic and pathologic effects 
of radioactive cobalt; Duke Uni¬ 
versity, ONR, Philip Handler, 
metabolic studies with radioactive 
isotopes; University of Florida, 
AEC, A. A. Plena, bioelectric po¬ 
tentials of plants and animals us a 
function of radiation injury; Henry 
Ford Hospital, Detroit, AEC, F. W. 
Hartman, survival of red blood cells 
after treatment with nitrogen mus¬ 
tard; Johns Hopkins University, 
AEG, Abel Wolman f proposed in¬ 
vestigation of adsorption and as¬ 
similation of radioactive waste by 
bacterial slimes; University of Kan¬ 
sas, AEC, E. R. Hall, radium chlo¬ 
ride and hemopoietic physiology of 
native rodents; Meharry Medical 
College, ONR, Paul Hahn, treat¬ 
ment of neoplusms; University of 
Michigan, ONR, Fred J. Hodges, 
rndioautograpliy; Mount Sinai Hos¬ 
pital, New York City, AEC, R. Loe- 
vinger, measurement of tissue dose 
due to gamma and beta active 
radioisotopes; University of North 
Carolina, AEC, C. P. Van Cleave 
and C. T. Kay lor, radioautographic 
study of beryllium 7; North Caro¬ 
lina State College (three con¬ 
tracts) : (1) ONR, J. A, Wcybrew, 
metabolism of copper; (2) AEC, 

W. C. Gregory , peanut seed irradia¬ 
tion ; (3) AEC, N. S, Hall, move¬ 
ment of ions through soils systems; 
Purdue University, ONR, Heinrich 
Kofller and JP. A. Tetrault f use of 
radioactive isotopes in studying 
mold metabolism, with emphasis on 
the assimilatory mechanisms of 
PeniciJlium chrysogenvm; Washing¬ 
ton University School of Medicine, 
ONR, Wendell Scott , experiments 
to determine the feasibility of de¬ 
veloping equipment that will be 1 
capable of mapping the outlines of 


organs or deposits of metastatic 
tumor within the body; Yale Uni¬ 
versity (two contracts) : (1) AEC, 
E. C . Pollard, mono molecular layers 
of serological agents; (2) AEC, E. 
C. Pollard, irradiation of viruses 
and large molecules. 

Vannevar Bush, president of the 
Carnegie Institution and wartime 
chairman of the Office of Scientific 
Research and Development, has 
been awarded the 1949 medal of the 
Industrial Research Institute for 
his coordination of industrial and 
academic research with the defense 
effort. 

Fellowships 

Massachusetts Institute of Tech- 
nology’s department of aeronautical 
engineering announces the following 
five graduate fellowships for 1949- 
50; Richard C. du Pont Memorial 
Fellowships in aeronautical engi¬ 
neering, for graduate students in 
any year of work toward an advanced 
degree, tuition plus $1200 single, 
$1800 married (two available). 
Douglas Aircraft Company Fellow¬ 
ship, for a graduate student, $1500 
(one available). Goodyear Tire 
and Rubber Company Fellowships 
for graduate students, $1500 (two 
available). Further details may be 
obtained by writing Professor J. C. 
Hunaaker, Department of Aeronauti¬ 
cal Engineering, Massachusetts In¬ 
stitute of Technology, Cambridge 39, 
Massachusetts. 

k The National Research Council 

announces the availability of 50 
Atomic Energy Commission Techni¬ 
cal Fellowships in Radiological Fhys 
iea. These fellowships, which are 
administered by the NRC, are in¬ 
tended to develop a pool of trained 
individuals to meet the many needs 
of industrial laboratories, AEC 
plants, and hospitals. The primary 
requisites in the selection of the 
technical fellows is an undergraduate 
degree with a major in physics, chem¬ 
istry, or engineering (usually elec¬ 
trical or chemical) with a minor in 
mathematics, biophysics, or similar 
fields; applicants with other quali¬ 
fications may be considered in special 
cases. Applicants must be citizens 
of the U. S. under 35 years of age. 

Fellows will probably be assigned 


for training to one of the AEC in¬ 
stallations. The training programs 
may differ in detail among the train¬ 
ing organizations, but will cover the 
general subjects of radiation meas¬ 
urements, industrial hygiene and 
toxicology, sanitary engineering, ra¬ 
diation biology, introduction to re¬ 
search, modern physics, nuclonr 
physics, and mathematics. The an¬ 
nual basic stipend is 41,500 for a 
single fellow, and up to $2,500 for 
a married follow. Tuition, foes, and 
travel expenses will bo paid- Initial 
appointments will be for one year, 
and reappointment may be made 
upon application if warranted by the 
progress of the follow. Applications 
will be acted upon in June, and only 
those applications completely docu¬ 
mented by June 10 will be considered 
by the NRC Fellowship Board at 
that time. The fellowships will be¬ 
gin at the start of the academic year 
1949-50. Requests for application 
blanks or additional information 
should be addressed to the Fellowship 
Office, National Research Council, 
2101 Constitution Avenue, Washing¬ 
ton 25, I). (\ 

Colleges and Universities 

Harvard University's School of 
Public Health has announced a new 
training program for cancer control 
officers, financed in part by grants 
from the U. 8. Public Health Serv¬ 
ice and the Massachusetts Division 
of the American Cancer Society. 
The course is open to candidates 
for the degrees of Master of Public 
Health and Doctor of Public Health 
and provides training for doctors, 
Statisticians, and health educators 
for participation in cancer control 
work. The program will be di¬ 
rected by Leonid 8. Snegiroff, as¬ 
sociate professor of cancer control 
at the Harvard School of Public 
Health. 

Summer Programs 

Ban Francisco State Collage will 
hold a field school of natural his¬ 
tory June 27-August 6 in Blxby 
Canyon, Monterey County, Cali¬ 
fornia. The course will offer first¬ 
hand field experience for students 
of college level, with emphasis on 
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the identification of plants and ani¬ 
mals and their interrelationship 
with nonliving surroundings. Fur¬ 
ther information may he had by 
writing the Division of Natural 
Science, San Francisco State Col¬ 
lege, 124 Buchanan Street, San 
Francisco 2. 

A new 0-inonth course in nuclear 
science will be given nt Reed Col¬ 
lege, Portland, Oregon, under the 
sponsorship of the Atomic Energy 
Commission. It is designed to meet 
the needs of post doctoral fellows 
under the AEC's Division of Biol¬ 
ogy and Medicine, but is open to 
other qualified persons. The sum¬ 
mer session will he held July 5- 
Septembor 30 and will include a 
review of physics and introduction 
to nuclear physics by Kenneth 
Davis, assistant professor of phys¬ 
ics; a review of mathematical an¬ 
alysis and introduction to statistics 
by Robert A. Rosenbaum, associate 
professor of mathematics; and a re¬ 
view of the principles of chemistry 
by Arthur F. Heott, professor of 
chemistry, and Josef F. Bunnott 
and Arthur H. Livermore, assistant 
professors of chemistry. Informa¬ 
tion on the program may be oh 
tainod by writing the A EC Train¬ 
ing Program, Reed College, Port¬ 
land 2, Oregon. 

A special summer course, Cataly¬ 
sis ill Organic Chemistry, will be 
offered at the Ipatieff Cataysis Lab¬ 
oratory at Northwestern University 
by Herman Pinos, of the Universal 
Oil Products Company. Inquiries 
should be addressed to R. K. Bum- 
mcrbell, Chairman, Department of 
Chemistry, Northwestern University, 
Evanston, Illinois. 

The New England Association 
of Chemistry Teachers, will bold its 
11th summer conference August 22- 
27 at the University of New damp- 
shire, at Durham. Further infor¬ 
mation may be had by writing the 
conference secretary, Carl P. Swin- 
nerton, Pomfret School, Pomfret, 
Connecticut. 

The Second Annual Industrial My¬ 
cology Short Course will be hold at 
Purdue University July 11-23, The 
course will include a series of eve¬ 
ning lectures, a morning lecture- 


laboratory course in mold isolation 
and identification, and an afternoon 
course in physiology of the fungi. 
Further information may be ob¬ 
tained by writing to M. M. Mc¬ 
Clure, Division of Technical Exten¬ 
sion, Purdue University, Lafayette, 
Indiana. 

Industrial Laboratories 

Vitamin B ia , the heretofore rare 
pernicious anemia specific, will now 
be available in large quantities, E. 
R. Squibb and Sons has announced. 
Members of the Squibb research staff 
have discovered that B u can be ob¬ 
tained from streptomycin mold. 

Calco Chemical Division, Ameri¬ 
can Cyanamld Company, Bound 
Brook, New Jersey, baa consolidated 
its research, process development, and 
dyes technical service into a new de¬ 
partment, to be known as Research 
and Development Department. It 
will be headed by K, Ii. Klipstein. 
H. Z. Lecher lias been named director 
of research in charge of chemical 
research. 

Meetings and Elections 

The Company Member Confer¬ 
ence of the American Standards 

Asiociaton will meet May 19-20. 
The first day J s session will be hold at 
the Benjamin Franklin Hotel, Phila¬ 
delphia and will be devoted to dis¬ 
cussions on standardization, by which 
it is the aim of the conference to 
improve service to industry and the 
consumer, Frank F. Tisch, chief 
engineer of the Pheoll Manufactur¬ 
ing Company and vice chairman of 
the Sectional Committee on Screw 
Threads, will discuss the importance 
to Amorican industry of the British- 
Canadian-U. S. agreement on unified 
screw threads (see Science, April 1, 
340). A tour of the Princeton Lab¬ 
oratories of the Radio Corporation of 
America, where a number of recent 
electronic developments are now on 
trial, is planned for May 20. Col¬ 
leges and industrial organizations in 
the Philadelphia area are invited to 
send representatives to the meeting, 

The Inter-Univereity High Alti¬ 
tude Laboratory will hold a cosmic 
ray symposium at Echo Lake, Colo¬ 
rado, June 22-28. The U. S, Atomic 
Energy Commission and the Office of 


Naval Research will be co-sponsors 
with the six cooperating universities 
—the University of Chicago, Cornell 
University, University of Denver, 
Massachusetts Institute of n Tech¬ 
nology, New York University, and 
Princeton University. Discussion 
meetings on radiation will be led by 
Marcel Schein, those on properties of 
mesons by Carl D. Anderson, on nu¬ 
clear interactions of cosmic rays by 
Bruno Rossi, and on showers by Hans 
Betlic and Kenneth Greisen. About 
60 participants have been invited, 
and scientists who are not issued 
invitations may attend. Further de¬ 
tails may he obtained from Byron E. 
Cohn, Department of Physics, Uni¬ 
versity of Denver, Denver 10, Colo¬ 
rado. 

The International Union of 
Chemistry will hold its 15th con¬ 
ference in Amsterdam September 6— 
10. Official U. S. delegates will be 
Roger Adams, University of Illinois; 
Ralph Connor, Rohm and Haas Com¬ 
pany; Warren C. Johnson, Univer¬ 
sity of Chicago; H. F. Mark, Poly¬ 
technic Institute of Brooklyn; Emil 
Ott, Hercules Powder Company; and 
Edward Withers, National Bureau of 
Standards. W. Albert Noyes, Jr., 
chairman of the NRC Division of 
Chemistry and Chemical Technology, 
and vice president of the IUC, will 
also attend. 

The National Academy of 
Sciences, at its annual meeting in 
Washington April 25-27, elected as 
vice president for a four-year term 
beginning July 1 Edwin Bidwell Wil- 
sou, professor emeritus of vital sta¬ 
tistics, Harvard School of Public 
Health. (The other Academy officers 
are: president, Alfred N. Richards; 
foreign secretary, Detlev W. Bronk; 
home secretary, Fred E. Wright; 
treasurer, William J. Robbins.) 
Chosen os council members for a 
three-year term ending June 30, 
1952, were: Joel H. Hildebrand, 
professor, of chemistry, University 
of California at Berkeley; and 
Ernest W. Goodpasture, professor 
of pathology and dean of tfae School 
of Medicine, Vanderbilt University. 
(Other council members are: Alfred 
N. Richards, Edwin B. Wilson, 
Detlev W. Bronk, Fred E. Wright, 
William J. Robbins, Carl R. Moore, 
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W. Albert Noyes, Jr., J. Robert Op- 
penheimer, and Donald D. Van 
Slyke.) 

Newly elected Academy members 
are; George W. Bartclmez, professor 
of anatomy, University of Chicago; 
Frank A. Beach, professor of psy¬ 
chology, Yale University; Robert B. 
Brode, professor of physics, Univer¬ 
sity of California at Berkeley; Paul 
R. Burkholder, Eaton Professor of 
Botany, Yale University; Lowell T. 
Coggeshall, professor and chairman, 
Department of Medicine, and dean, 
Division of Biological Sciences, Uni¬ 
versity of Chicago; Max Delbriick, 
professor of biophysics, California 
Institute of Technology; Robert C. 
Elderfield, professor of chemistry, 
Coumbia University; William F. 
Gibbs, vice president, Gibbs and Cox, 
New York City; William W. Hansen, 
professor of physics, Stanford Uni¬ 
versity ; Charles B. Huggins, pro¬ 
fessor of surgery, University of Chi¬ 
cago; Walter D_ Lambert, U. S. 
Coast and Geodetic Survey (retired) ; 
Howard B. Lewis, professor and 
head of Department of Physiological 
chemistry, University of Michigan; 
Francis W. Loomis, professor and 
head of Department of Physics, Uni¬ 
versity of Illlinois; Thomas 8. 
Lovering, U. S. Geological Survey; 
Samuel M. McElvain, professor of 
chomistry, University of Wisconsin; 
Saunders MacLane, professor of 
mathematics, University of Chicago; 
Nicholas U- Maynll, Lick Observa¬ 
tory; Otto Meyerhoff, research pro¬ 
fessor of physiological chemistry, 
University of Pennsylvania; John S. 
Nicholas, Sterling professor of biol- 
ogy, Yale University; George B. 
Pogrom, professor of physios and 
dean of graduate faculties, Columbia 
University; Kenneth S. Pitzer, pro¬ 
fessor of chemistry, University of 
California at Berkeley; Kenneth B. 
Raper, senior microbiologist, North¬ 
ern Regional Research Laboratory, 
U. S. Department of Agriculture; 
John L. Savage, chief designer, U. S. 
Bureau of Reclamation, DenveT; Carl 
F. Schmidt, professor of pharma- 
oology, University of Pennsylvania; 
Julian Schwinger, professor of phys¬ 
ics, Harvard University; Harry L. 
Shapiro, professor of anthropology, 
Columbia University; Oliver It Wulf, 
professor, Division of Chemistry and 


Chemical Engineering, California In¬ 
stitute of Technology; Ralph W. G. 
WyckofF, scientist director, National 
Institutes of Health; Frederick W. 
H, Zachariasen, professor and chair¬ 
man of the Department of Physics, 
University of Chicago. 

Six now foreign associates were 
elected by the Academy: Elie Cartan, 
profossor of geometry, University of 
Paris; Paul A, M. Dirac, Lucasian 
profossor of mathematical physics, 
St. John's College, Cambridge, Eng¬ 
land; Bernard Lyot, astronomer, 
Meudon Observatory, Seine-et-OiBe, 
France; Henri Pi6ron, director, Lab¬ 
oratory of Physiological Psychology, 
The Borbonne, Paris; Arne Tiselius, 
professor of biochemistry, University 
of Upsala, Up sal a, Sweden; tijvind 
Winge, director, Department of 
Physiology, Carlsberg Laboratory, 
Copenhagen (Valby). 

The drat branch of RES A, the 
Scientific Research Society of 
America, was installed at the Esso 
Research Club of the Standard Oil 
Company (New Jersey) in Linden, 
New Jersey, April 20. More than 
300 research men, visiting scientists, 
and officials of the company were 
present. The afternoon program in¬ 
cluded an inspection trip of the 
laboratories of the new Esso Re¬ 
search Center, recently dedicated, 
and of the Bayway Refinery. The 
installation address on 14 Fuels and 
the Internal Combustion Engines of 
the Future" was given by Charles F. 
Kettering, of General Motors Cor¬ 
poration. 

NRC News 

The National Research Council 
has announced the awarding of the 
RCA Predoctorol Fellowships in 
Electronics to eight graduate stu¬ 
dents. The awards are supported 
by the Radio Corporation of 
America, and the selection of fel¬ 
lows was made by the RCA Fellow¬ 
ship Board of the National Re¬ 
search Council. 

The newly appointed fellows and 
their fields of research are: Charles 
K. Birdsall, Stanford University, 
interaction of electric fields and 
electron streams; David Carter, Stan¬ 
ford University, electron bunching 
by means of electromagnetic waves; 


William A. Craven , Jr. f Princeton 
University, microwave techniques in¬ 
cluding generation, amplification, 
and transmission; Oerald Estrin r 
University of Wisconsin, microwave 
propagation and field theory ; 
Fxmio Bob Naha, Harvard Univer¬ 
sity, focal properties of cathode-ray 
guns and illuminators; and Howard 
C. Poulter, Stanford University, in¬ 
teraction of electromagnetic waves 
and electron streams and its use in 
new types of vacuum tubes. Fel¬ 
lows whose awards have been re¬ 
newed for another year are: Arthur 
L. Aden , Harvard University, for 
work in electromagnetic engineer¬ 
ing and allied fields, with possible 
applications to meteorology; and 
Robert W. Olthuis , University of 
Michigan, for work in low pressure 
gas discharge applications at micro- 
wave frequencies. 

The NRC has also announced ten 
awards of the Merck Postdoctoral 
Fellowships in the Natural Sciences. 
These fellowships are supported by 
Merck and Company, Inc., and the 
selection of fellows was made by the 
Merck Fellowship Board of the Na 
tional Research Council. 

The new appointees and their re¬ 
search topics are: Melvin Cohn T 
Pasteur Institute, Paris, biochemis¬ 
try, immunochemistry, and enzymol- 
ogy, especially adaptive enzymes of 
bacteria; Ruth Sager , Rockefeller 
Institute for Medical Research, ge¬ 
netics; gone actions, gene and cyto¬ 
plasm relations, cytoplasmic inheri¬ 
tance; Robert C. C. St. George, Jr., 
California Institute of Technology, 
biological chemistry: cellular physi- 
ology with some emphasis on the 
chemistry of vision; Edward C. 
Taylor , Jr., Laboratorium fur Organ- 
ische Chemie, Zurich, stereochemis¬ 
try of the pentacyclic triterpenes 
of the p-amyrin type- Fellows 
whose grants have been renewed, 
and their fields of work, are: David 
H. Brown, Washington University 
Medical School, synthesis and prop¬ 
erties of compounds of biological 
interest; Maloolm Gordon, Cali' 
fomia Institute of Technology, in¬ 
termediary metabolism; Caspar W, 
Hiatt, 3rd, Rockefeller Institute for 
Medical Research, chemical factors 
of natural immunity and the physi¬ 
cal chemistry of proteins; E. 




M My 13, 1949, VoL 109 


SCIENCE 


503 


Lumry, Jr. t University of Utah 
Medical School, enzyme kinetics as 
related to protein structure; Clem¬ 
ent L. Marlcert, California Institute 
of Technology, embryology; and 
Gunther 3. 8tent r California Insti¬ 
tute of Technology, physical chem¬ 
istry, structure of high polymers, 
biophysics, bacterial viruses. 

Deaths 

W. Halley Barker, 42, assistant 
dean of the Johns Hopkins Univer¬ 
sity School of Medicine, died March 
26 at Johns Hopkins Hospital, where 
lie hud been a patient for two months, 

Jonas Borak, 56, Viennese radiolo¬ 
gist who camo to New York City ten 
years ago as n refugee, died April 4 
of a heart ailment while lecturing at 
the New York Acadomy of Medicine. 

Alphonse A. Thibaudeau, 64, 
head pathologist at the New York 
State Institute for the Study of 
Malignant Diseases, and former in¬ 
structor in bacteriology at the Uni¬ 
versity of Buffalo, died at his homo 
in Buffalo April 6 following a brief 
illneBS. 

Irving Hotchkiss Pardee, G7, 

neurologist at the Neurological In¬ 
stitute, Presbyterian Hospital, and 
at St. Luke’s Hospital, New York 
City, and professor of neurology at 
Columbia University, died April 10 
after a brief illness. 

Whitman Cross, 94, geologist and 
authority on rose culture, died April 
20 at Rockville, Maryland, after an 
illness of five years. Dr. Cross had 
been head of the U. S. Geological 
Survey for 37 yeaTs when he retired 
In 1926. 

Catherine V. Beers, 67, associate 
professor of zoology at the Univer¬ 
sity of Sputhern California) died 
April 22. Dr. Beers had done con¬ 
siderable work In genetics, 

Sir Robert Robertson, 30, British 
■chemist and director of the Belters 
Institute of Industrial Chemistry 
since 1937, died April 23 in London, 
-after a brief illness. Sir Robert 
directed explosives research at Wool¬ 
wich Arsenal during both world wars. 


William H. Bauer and Irwin Gor¬ 
don, Rutgers University ceramists, 
recently announced the successful 
synthesis of single crystals of mul- 
lite, a silicate rarely found in nature 
but occurring in the firing of certain 
ceramic materials. A new approach 
to silicate technology is suggested 
with the possibility of synthesizing 
commercially important silicates 
such a b tourmaline, used in sonic 
detectors and electrical frequency 
controls. 

The Federation of American 
Scientists, at its annual council meet¬ 
ing in Washington April 30-May 1, 
issued the following statement on 
National Science Foundation legis¬ 
lation : 

11 During the recently concluded 
hearings on National Science Foun¬ 
dation legislation before the House 
Committee on Interstate and Foreign 
Commerce, strong opposition to the 
entire Foundation concept was voiced 
by the National Patent Council. It 
appears that this organization has 
succeeded in arousing unfounded 
fears among small manufacturers 
and business men that the Founda¬ 
tion ‘ would inevitably dry up the 
creative fountainheads of American 
industry by stifling individual incen¬ 
tive to invent and produce. ’ In 
recent weeks Congressmen have had 
a steady flow of mail urging this 
point of view. The majority of the 
committee now considering the legis¬ 
lation is not likely to be impressed, 
since they have given sufficient study 
to the bills to recognize the falsity 
of the charges. But other Congress¬ 
men, who will make the final decision 
on the House floor, may be impressed 
if their mail continues to be pre¬ 
dominantly opposed to the bill. 

* * The great majority of scientists, 
whatever the disagreements on detail, 
favor the establishment of a National 
Science Foundation, The long course 
of the legislation can be final)? and 
successfully ended in the next month, 
It must not be jeopardised by silence 
on the part of scientists, silence which 
will be interpreted as indifference. 
The Federation of American Scien¬ 
tists calls upon all scientists and 
their organizations, recognizing that 
this is the critical hour for establish¬ 
ment of a National Science Founda¬ 


tion, to communicate directly with 
their own representatives in Congress 
urging them to vote for the National 
Science Foundation Act of 1949 when 
it reaches the floor of the House. 1 ’ 

The newly elected officers of the 
federation are: Hugh C. Wolfe, as¬ 
sociate professor of physics at the 
College of the City of New York and 
president of the federation’s New 
York chapter in 1947-40, chairman; 
Clifford Grobstcin, biologist at the 
National Cancer Institute, vice chair¬ 
man ; and Gerhart Friedlander, chem¬ 
ist at Brookhaven National Labora¬ 
tory, secretary-treasurer. 

The ornithological life of the 
Arctic area 200 miles south of the 
north magnetic pole will be studied 
this summer by the govornmen t- 
sponsored Perry River Expedition, 
which is to leave Edmonton, Alberta 
on May 17. The team of three scien¬ 
tists includes an Englishman—Peter 
Markhan Scott, waterfowl painter 
and director of the Seven Wild Fowl 
Trust—and two representativea of 
the U. 9. Fish and Wildlife Service— 
Paul Queneau, research ornithologist 
of Westport, Connecticut and Harold 
C. Hanson, of the Illinois Natural 
History Survey. They will observe 
the flora and fauna of the region and 
moke an intensive study of five fowl, 
the American brant, the block brant, 
the Ross goose, the tule goose, and 
the white-fronted goose. The team 
will be joined by Eskimo guides at 
Victoria Island in the Arctic and will 
mush 160 miles with dog sleds across 
the ice. James Bell, Canadian bush 
pilot, will join the expedition in July, 
when the thaw permits him to land 
his small plane. 

An association for mutual infor¬ 
mation on blood groups has been 
proposed by P. H. Andraaen, chief of 
the Serological Department, Univer¬ 
sity Institute of Legal Medicine, 
Copenhagen, Denmark, with the aim 
of making new developments in this 
field more readily available to indi¬ 
vidual research workers. All re¬ 
searchers engaged in blood group 
work are invited to join. Inquiries 
may be sent to Dr. P. H. Andreeen, 
Frederik V 1 Vej 9, Copenhagen, Den¬ 
mark. Members will receive Blood 
Group News, a monthly bibliography 
on blood group work. A limited 
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number of copies) will be on sale by 
Ejnar Munksgaard, Copenhagen. 

F. Flrbas, Botanische Anstalten 
der University Gttttingen, Ger¬ 
many, has reported that the sys¬ 
tematic pi ant geography library of 
the University was completely des¬ 
troyed during the war. He would be 
very grateful for any reprints in 
those fields that Science readers 
might send him. 

The Association of American Medi¬ 
cal Colleges recently announced the 
opening of its Medical Film Insti¬ 
tute, with offices in the Academy of 
Medicine Building, 2 East 103rd 
Street, New York City. The MFI 
will function as tin advisory body, 
providing producers and sponsors of 
medical films with an authoritative 
opinion ns to the scientific, educa¬ 
tional, and cinematic qualities of a 
proposed film. The Department of 
State has commissioned the MFI to 
select a group of the newest and 
best medical films for presentation 
abroad as part of the U. 8. Informa¬ 
tion Service film program. 

The Advisory Committee, headed 
by Walter A. Bloedorn, dean of 
George Washington University’s 
School of Medicine, includes Francis 
Kcppel, dean of Harvard’s Graduate 
School of Education; Robert V. 
Schulte, chief of the Audio-Visual 
Training Section of the Navy Bureau 
of Medicine and SurgeTy; Orville 
Goldner, former head of Navy Train¬ 
ing Films; and Williafn A. Benedict, 
chairman of the American Medical 
Association's Committee on Medical 
Motion Pictures. 


ing wanted chemicals: indican, 5- 
keto-D glueonic acid, tri-(p-isocyana- 
tophenyl) methane, hemocyanin, 2,2’- 
dihydroxyazobenzene-3-rulfonic acid, 
3,6,2’,4 ’-tetrahydroxyflavone, 1-hy- 
droxyphonazino, 1-hydroxyacridine, 
1-hydroxy-2-antkr amine, pyrographi- 
tic oxide, phthionlc acid, 8-nitro-l- 
naphthoic acid, coriamyrtin, n-(fl- 
di ethyl am inoe thy 1) phenothiazine, L- 
lyxose, 9-methyl-2,6,7-trihydroxy-3- 
fluorone, phenylpantothenone, mono- 
deuteroethyleno, hexafluorobutadieno, 
and 2-hydroxy-l-anthramine. 

Make Plans for— 

Society for Applied Spectros- 
copy, symposium, Brooklyn Poly¬ 
technic Institute, May 21, Brooklyn. 

Canadian Psychological Asso¬ 
ciation, May 26-28, Mount Royal 
Hotel, Montreal. 

American Medical Association, 

annual session, June 6—10, Atlantic 
City, New Jersey. 

Symposium on Fine Particles 
and Resolutions, June 9-10, StevenB 
Hotel, Chicago. 

American Society of Electro¬ 
encephalography, June 11-12, Chal- 
fonte-Haddon Hall Hotel, Atlantic 
City, New Jersey. 

International Conference on 
Science Abstracting, June 20-25, 
Uneeco House, Paris, France. 

1st International Congress of 
Biochemistry, August 19-25, Cam¬ 
bridge, England. 


A new periodical, Phyaiologia 
Plantarium, covering all branches of 
plant physiology, is being published 
quarterly, as the official publication 
of the Scandinavian Society foT 
Plant Physiology. The papers are 
printed in either English, French, or 
German. Noam embers of the so¬ 
ciety may place subscription orders 
with Einar Munksgaard, Norregade 
6, Copenhagen, Denmark or through 
local booksellers, but only members 
may submit contributions. 

The National Registry of Rare 
Chemicals, 35 West 33rd Street, 
Chicago 16, Illinois, lists the follow¬ 


4th International Conference of 
the International Association of 
Quaternary Research, August 22- 
September 15, Budapest, Hungary. 

Recently Received— 

News from Unesco. A fortnightly 
publication from the Bureau of 
Public Information, Unesco, 16 
Avenue K14ber, Paris lfl, France. 
The behavior of rocks and rock 
masses in relation to military geol¬ 
ogy, by Wilmot R. McCutchen. 
(Quarterly of the Colorado School 
. of Mines, Vol. 44, No. 1). Single 
copies obtainable from the Colo¬ 


rado School of Minos, Golden,. 
Colorado, at (1.00 each. 

Technical & Scientific Cooperation: 
Projects Coordinated by the In¬ 
terdepartmental Committee on 
Scientific and Cultural Coopera¬ 
tion in 1948. Issued in February 
1946 by the Office of Public 
Affairs, Department of State, 
Washington, D. C. 

Sugar and Sugar By-Products in the 
Plastics Industry by Louis Long. 
Technological Report Series No. 
5. Available at no charge from 
the Sugar Research Foundation, 
Inc., 52 Wall Street, New York 5, 
N. Y. 

Papers on the Soviet Genetics Con¬ 
troversy. Occasional Pamphlet 
No. 9 of the Society for Freedom 
iu Science. Copies obtainable 
from the Assistant Secretary, So¬ 
ciety for Freedom in Science, 
Dept, of Zoology, University Mu¬ 
seum, Oxford, England at 1/3. 

Story of Vitamin B,„ by Ruth 
Woods. In Borden's Review of 
Nutrition Research, Vol. X, No. 1. 
Tl^e Borden Company, 350 Madi¬ 
son Avenue, New York 17, N. Y. 

Immigrant Plants in the Hawaiian 
Islands, II, by F. Raymond Fos- 
berg. Occasional Paper 46, Uni¬ 
versity of Hawaii, Honolulu, 
Hawaii. 

Importance of Upwelling Water to 
Vertebrate Paleontology and Oil 
Geology by Margaretha Bron- 
gersma-Sanders. Tweede Beetle, 
Deel XLV, No. 4. Koninklijke 
Akademie van Wetenschappen, 
Amsterdam (C.) f Holland. 

Fifth Semiannual Report of the . 
Atomic Energy Commission, Janu¬ 
ary 1940. U. S. Government 
Printing Office, Washington, D. C. 

Abridged Scientific Publications 
from the Kodali Research Labora¬ 
tories, Vol. XXIX, 1947. East¬ 
man Kodak Company, Rochester, 
New York. 

National Health Council, Annual 
Report, March 25, 1949. Pre¬ 
pared by National Health Oouncll, 
1790 Broadway, New York 19, 
N. Y, 

Service, a monthly publication of 
Cities Service Company, 703 Ring 
Building/ Washington 0, D, £ 
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Science Graduate Students and Their Support 

M. H. Trytten, Director 

Office of Scientific Personnel, National Research Council 


F ellowship programs in the sci¬ 
ences have burgeoned in the past ten or 
fifteen years, and particularly since the recent 
war, because educational aud industrial groups recog¬ 
nize the ever-increasing need for competently trained 
scientists. New fellowship programs are also being 
proposed under federal auspices, as in the current 
Science Foundation legislation. What the extent of 
such programs should be, in order to meet the need 
for additional support, is uncertain, because fellow¬ 
ship offerings could conceivably be too plentiful. New 
programs should not offer so many opportunities us 
to lead to lowered standards in American educational 
institutions. Furthermore, too many additional ap¬ 
pointments might upset the traditional pattern of 
using graduate students as instructors for undergrad¬ 
uate courses. While some change in this pattern 
might be desirable, a major shift would create serious 
administrative problems in the universitievS. Many 
hold that fellowship offerings should be adequate to 
assist all interested students who have demonstrated 
genuine ability. What this order of magnitude might 
be, however, has not been determined heretofore, for 
lack of enough information on the number of graduate 
students and their means of support. 

To throw light oil the need for fellowship support, 
the Office of Scientific Personnel of the National Re¬ 
search Council undertook in the lute spring of 1948 
to collect information from colleges and universities 
on their enrollments in the sciences for the academic 
yenr 1947-48. Questionnaires were distributed di¬ 
rectly from the Office of Scientific Personnel to col¬ 
leges not granting advanced degrees, soliciting in¬ 
formation on those students graduating with a sci¬ 
ence major in 1948, and on junior science majors. 
For information from institutions granting advanced 
degrees, questionnaires were distributed through the 
professional societies in the various fields, with two 
exceptions. Chemistry was omitted because the Amer¬ 
ican Chemical Society had recently distributed a ques¬ 
tionnaire on enrollments and engineering because the 
percentage of engineering graduates going on to ad¬ 
vanced work ia smaller than in other fields so that the 
OSP questionnaire would not have been suitable. 
Response was sufficient to indicate that reasonably 
reliable over-all estimates could be drawn from the 
information obtained. The four-year colleges re¬ 


sponding were generally those that have furnished 
most of the students going on to advanced study, as 
judged by the number who have taken advanced 
degrees in science. On this basis, the responding 
colleges represent about 80 percent of the graduating 
scientists in institutions which have produced success¬ 
ful graduate students in the paBt, 

The number of universities responding varied for 
different sciences; in each field the return was from 
the hend of the department Lo the cooperating pro¬ 
fessional society. By comparing the number of doc¬ 
torates granted by these institutions with the total 
number of degrees granted in each field for the corre¬ 
sponding year, it was possible to judge the percent 
of the population covered and so arrive at good esti¬ 
mates of national totals. 

An independent check on the data is the U. S. Office 
of Education survey of graduates with science majors 
for the school year 1947-48. The totals for the num¬ 
ber of graduating science majors estimated by the two 
independent surveys agree within 8 percent. The 
Office of Scientific Personnel survey is admittedly less 
representative of the very small colleges which have 
graduated few science majors in the past, because the 
response was less satisfactory from such schools. 
This accounts, in part, for the fact that the Office 
of Scientific Personnel Lotal is about 8 percent less 
than that of the U. S. Office of Education. Since only 
an order of magnitude waa desired, however, the 
agreement seems satisfactory; also, the distribution of 
science majors by fiddB has been determined. 

The distribution of B.S. science majors given by the 
U. S. Office of Education is as follows: 


Agriculture and agronomy 

0,112 

Geology 

1,007 

Anatomy 

111 

Mathematics 

4,106 

Bacteriology 

000 

Pharmacy 

1,070 

Biology 

6,300 

Physics 

1,023 

Botany 

8B7 

Physiology 

131 

Biochemistry 

473 

Psychology 

0,016 

Client latriP 

7,m 

Forestry 

810 

Entomology 

80 

Zoology 

2,036 


The Office of Education total of B.S. graduates 
with science majors in 1948 is 38,107. The OSP total 
is 35,099 after applying a factor to adjust for non- 
responding schools. Therefore, the flgute of 36,000 
will be used, since the Office of Education figure in¬ 
cludes many institutions where science majors may 
represent low concentrations in the field. 
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The questionnaire of the OSP differed from that of 
the Office of Education in that it asked for informa¬ 
tion on plans of the student* and certain judgments 
concerning competence. The heads of departments 
were asked to state the number of their students who 
were deemed qualified to go on to advanced degrees. 
The estimate was uniformly more flattering for the 
four-year colleges than for the universities, for while 
university department heads estimate that only about 
17 percent of their graduating majors are clearly 
doctoral degree timber, the beads of departments in 
the colleges estimate that about 25 percent are so 
qualified, One can assume this means either that the 
four-year colleges have more competent students or 
that their faculties are perhaps Jess critical in their 
judgment, For the purposes of this study, the 
smaller percentage (17 percent) has been used. This 
percentage of the number of graduating science ma¬ 
jors (using a figure between the Office of Education 
figure and the OSP figure) amounts to approximately 
6,100 seniors who are deemed good doctoral candidates 
in the judgments of their teachers. Slightly more 
than one-third this number, however, did not intend 
to go on for graduate work in the sciences because of 
other interests and opportunities, so that there were 
left about 3,800 science majors who desired to go on 
to graduate work in the sciences and were apparently 
very able. It is interesting to compare this figure 
with the number of science doctorates granted in the 
United States in 1940—approximately 1,750. 

About 20 percent of all graduates in the sciences 
were planning to begin advanced work soon after 
graduation. Those who graduated from universities 
seemed to have an advantage over those who gradu¬ 
ated from four-year colleges; 10 percent of the sci- 

M 


ence majors from universities were expecting sup¬ 
port of a scholarship or fellowship not requiring 
services, whereas less than 1 percent from the four- 
year college expected to receive such scholarship 
aid. Almost half of those from universities who were 
planning to start graduate work were receiving sup¬ 
port requiring services, while only 38 percent from 
the colleges were receiving such support. 

Of those judged competent to go on for a doctoral 
degree, about 25 percent would not be able to for lack 
of financial support, the percentage being approxi¬ 
mately the same for graduates of the different types 
of institutions. Since, as we have noted, there were 
about 3,800 1948 science graduates who had the desire 
and the ability to go into advanced work, it appears 
that about 1,000 fellowships for the first year of 
graduate work would be necessary to insure these able 
students an opportunity to study. It should be re¬ 
membered that the class of 1948 was larger than pre¬ 
war classes and may not be typical. 

In the returns on graduate enrollments, the major 
group omitted ia chemistry. Some idea of the totals 
in that field, however, can be obtained by noting that 
chemistry majors were about 21 percent of nil science 
majors at the B.S. level in 1948. Chemistry doctor¬ 
ates were about 32 percent of all science doctorateB 
in 1946, 27 percent in 1947, and 28 percent in 1948. 
It is probable, therefore, that chemistry graduate stu¬ 
dents constitute roughly one-fourth of the graduate 
population in the sciences. 

Table 1 shows that about 80 percent of all gradu¬ 
ate students are carrying one-half or more of a full¬ 
time training schedule. These are probably all resi¬ 
dent students on the campus; Table 2 indicates the 
type of support they receive. The remaining 20 per- 


TABLB l 

Distribution by Fields, Types or Appointments, and Types of Training Schedules 


Sciences 

Total number 
of 

students 

Average hours 
per week worked 
by noil research 
appointees 

Percent cnrrylng 
more than half 
full-training 

schedule 

Percent carrying 
half full-train¬ 
ing schedule 

Agriculture ami agronomy. 

1,03 4 

10 

50.7 

24.1 

Anatomy .. 

82 

14 

41.5 

12.2 

Botany (Including 1 biology) .. . . , 

6S7 

15 

5B.4 

28.2 

En tomolog y . 

ISO 

14 

55.4 

44.5 

Forestry 

58 

14 

87.2 

3.0 

Genetics . 

00 

15 

57.0 

81.8 

Geology . 

1,020 

15 

05.5 

18.0 

Horticulture . 

223 

10 

42.0 

20.0 

Mathematics ... 

2,845 

10 

48.7 

10.8 

Pharmacology .. 

04 

16 

54.8 

37.2 

Physics .. . . 

3,214 

14 

54.2 

23.0 

Physiology .. 

170 

12 

00.0 

10.4 

Psychology .... 

3,250 

14 

06.5 

18.7 

Zoology (including | biology) . 

734 

11 

67.1 

22.8 

All sciences . . 

18,091 

18.4 

57.0 

21.8 
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cent are probably off-campus students, employed full¬ 
time elsewhere. 

The total percentage of persons receiving support, 
exclusive of veteran benefits, according to this table, 
is 66.4. There may be some overlapping in the vari¬ 
ous categories because some students are receiving 
simultaneously two or more types of support, such 
as fellowships and teaching assistantships. Analysis 
of the numbers in the different categories indicates 
that such overlap is probably not great. It will be 
noted, however, that nearly half of all graduate stu¬ 
dents are receiving Q. I. benefits, which obviously 
overlnp other types of support in a great percentage 
of cases. 

Table 3 shows the number of graduate students in 
American universities in the various sciences aside 
from chemistry and engineering. As pointed out be¬ 
fore, about 21 percent of the graduating science ma¬ 
jors at the baccalaureate level in 1948 were chemists, 
and about 28 percent at the doctoral level in 1947 
and 1948. It seems safe, therefore, to adjust the total 
of 18,000 shown in the table by adding one-third, 
making a total of 24,000 science graduate students 
aside from engineering. This may be compared with 
the total of 36,000 science majors graduating from 


college in 1948, 20 percent of whom indicated they 
intended to enter graduate school. It will be noted 
that the faculties estimate that 8,451, or 47 percent 
of the gruduate enrollment (exclusive of chemistry), 
are likely to complete the doctorate. According to 
this estimate, the number of doctoT&tes in five years 
adjusted to include chemists rises to approximately 
11,400 or 2,280 per year. Some graduate students 
enrolling later than 1948 may alBo achieve a doctorate 
in this period and would add to the figure. However, 
47 percent of all graduate students achieving a doc¬ 
torate seems an unduly high estimate and the average 
given seems unlikely to be exceeded. The annual rate 
of granting doctorates in Americun universities ap¬ 
proximately doubled each decade up to the peak year 
of 1941, and if this rate of increase had continued 
there would have been 4,000 doctorates granted in 
1951. It appears that this rate of training is far 
in the future. 

A recent report is of interest in this connection. 
In the January 1949 issue of The Educational Record , 
published by the American Council on Education, 
there is «n article by C. Gilbert Wrenn, reporting on 
studies made at the University of Minnesota under 
the auspices of the Associated Research Councils and 


TARMC 2 

Tvra of Suitoiit Rkcbivkh* 


Research nppolntments 


Nonre- 

senrch Major 

appoint- fellowships 
men is 


Minor Veteran 
fellowships benefits 


Sciences 

% Reporting 

% of Total 
enrollment 

a 

t5 

5 2 

O - 4-1 

:i 

Is 

= s 

U £ 

* e 

6 g 

% of Column B on 
industrial contracts 

% of Total 
enrollment 

a 

u 

is 

e t 

3 s 

a ° 

H B 
o B 

*£, 

a 

V 

B 

3 

£ 

If 

fS 

o a 

a 

« 

1 . 
el 
s t 
■a * 

a o 
£ « 

e 1 

a 

a* 

a 

1 

S t 

3 t 

g * 

*3 

a 

a> 

1. 

c ±> 

s s 
■a a 

e 60 

H 3 
£ 

;s 

Agriculture and agronomy . 

72 

31.4 

4.0 

11.6 

10.1 

12.0 

8.1 

3.8 

0.8 

51.7 

Anatomy .. 

48 

28.1 

49.4 

No rep. 

22.0 

28.1 

10.0 

No rep. 

12.1 

82.0 

Botany (Including ft biology) ... 

82 

20.6 

0.0 

10.6 

85.0 

10.0 

9.7 

2.9 

14.4 

80.2 

Entomology .'» . 

27 

21.6 

2 a.3 

83.9 

24.4 

5.7 

2.1 

0.7 

20,1 

50.3 

Forestry .^. 

14 

16.3 

No rep. 

88.3 

36.4 

8.0 

9.0 

7.2 

0.0 

83.6 

Genetics . 

44 

36.4 

No rep. 

No rep. 

14.2 

4.0 

10.1 

1.0 

5.0 

40.4 

Geology . 

86 

8.4 

4.6 

12.1 

32.6 

7.7 

10.0 

5.6 

12.D 

07.7 

Horticulture . 

64 

29.6 

No rep. 

7.6 

13.9 

2.0 

17.9 

3.1 

7,1 

36.4 

Mathematics . 

08 

2,6 

61.0 

No rep. 

28.6 

4.0 

0.6 

1.0 

11,5 

91.3 

Pharmacology . 

36 

61.7 

81.0 

12.0 

0.6 

26.6 

16.1 

8.5 

14.8 

B6.1 

Physics .. , 

70 

17.6 

03.6 

1.0 

02,2 

6.0 

9.7 

3.0 

10.5 

40.0 

Physiology . 

28 

81.7 

61.4 

11.1 

16.4 

8.2 

18.fi 

7.0 

24.1 

46.B 

Psychology . 

Bfl 

8.2 

46.0 

7.0 

14.6 

4.1 

5.6 

2.4 

5.0 

43.9 

Zoology (Including ft biology) ... 

62 

118 

80.1 

7.2 

3D.P 

4.0 

10.B 

4.8 

15.8 

34.9 

All sciences . 

72.8 

13.0 

47.7 

7.6 

240 

6.1 

0.B 

3.0 

10.1 

43.6 


A 

B 

c • 

D 

E 

F 

O 

H 

1 

J 


• All figures adjusted to 100% response. All averages are weighted averages. 
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based on information partly supplied by the Office 
of Scientific Personnel. It indicates a median score 
on an I.Q. scale of 141 for a large sample of persons 


didates for the doctorate in theoretical research can 
be accepted as in experimental research. This latter 
situation varies greatly from field to field. 


TABLE B 

Distribution among tub Vabiour Sciences at Diffbuent Levels of Thaininu* 


% Accepted Number 


Sciences 

% 

Reporting 

Adjusted 

totals 

enrolled 

% First 
year en¬ 
rollment 

% Record 
year en¬ 
rollment 

for or 
working on 
doctornl 
disser¬ 
tations 

considered 
likely to 
achieve 
doctorate 

In 5 years 

Agriculture anil agronomy . 

72 

1,400 

49.0 

30.8 

28.9 

760 

Anatomy . .. 

48 

100 

47.9 

38.9 

47.0 

110 

Botany (including l biology) . . . . 

82 

777 

38.3 

37.7 

47.6 

507 

Entomology . 

27 

515 

42.3 

51.1 

33.0 

344 

Forestry . 

14 

308 

52.7 

43.5 

18,0 

164 

Genetics . 

44 

225 

30.5 

30.3 

34.2 

115 

Geology . 

SB 

1,211 

45.0 

40.9 

25. H 

515 

Horticulture . 

(14 

340 

57.5 

36.8 

22.4 

160 

Mathematics .. 

90 

2 r 3f)a 

48.4 

29.5 

12.2 

690 

Pharmacology . 

ar, 


40.7 

84.0 

38.2 

206 

Physics . 

70 

4,501 

42.3 

32.0 

24.6 

2,220 

Physiology . 

20 

600 

50.0 

35.2 

32.7 

317 

Psychology . 

86 

3,780 

56.5 

26.9 

24.2 

1,664 

Zoology (Includin'' l biology! . . . . 

52 

1,411 

47.3 

34.2 

29.8 

040 

All sciences .. 

72.a 

18,117 

47.9 

32.9 

25.6 

8.451 


• Figures reported are as of April 1, 1948, but are udjutited to represent 100% reporting. 


who achieved a doctorate in the sciences. It also indi¬ 
cates that, at this level of ability, about one-third of 
the population does not finish college. This suggests 
that the number of highly qualified persons who might 
go on to advanced training if they had the necessary 
incentive and opportunity may be as high as 50 per¬ 
cent of those now completing college. 

The questionnaire asked how many additional stu¬ 
dents could be accepted for graduate training. From 
the replies, it appears that substantial numbers of stu¬ 
dents can yet be accommodated in all fields. About 
twice as many can be accepted for classroom training 
as for work requiring facilities for laboratory re¬ 
search. However, only half as many additional can- 


An interesting piece of information brought out by 
the questionnaire is the clear indication of interest in 
postdoctorate fellows. Respondents reported that 
they could and would like to entertain almosL ten 
times as many postdoctorate fellows as they now have. 

In summary then, it may be said that information 
furnished by colleges and universities indicates a total 
of approximately 0,000 graduates at the bachelor's 
level in 1948 who are judged competent to achieve 
a doctorate in the sciences. Of these, about 4,000 are 
interested in going on . to graduate work and about 
1,000 of these do not have financial support. 

Appreciation is expressed to Dr. F. M . Weida, t oho 
prepared the statistical material in this report . 
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Chemical Induction of Colonial Paramorphs 
in Neurospora and Syncephalastrum 1 

E, L. Tatum, R. W. Barratt and V. M. Cutter, Jr. 

Department of Microbiology , Yale University and 
Department of Biological Sciences, Stanford University 


G ENETIC ALTERATION in fungi has been 
found to give rise to two main classes of 
mutant strains. Most thoroughly investi¬ 
gated have been the “biochemical” types of mutants, 
in which specific defective biosyntheses have been 
demonstrated (3, 4). The other class includes the 
“morphological" mutant types, which differ from the 
wild type in growth habit, and which in general can¬ 
not he restored to normal by varying the physical or 
chemical environment of the mutunt strain. Distinc¬ 
tive colonial types of morphological mutants have 
been described ns “button” (11), “colonial” (I), or 
“cauliflower” (fl, 13), and several have been shown to 
differ from the wild type by single genes ( 1, 11). 

It has been found that on the uddition of certain 
chemicals to culture media the morphology of wild- 
type cultures of Neurospora will change so that they 
closely resemble in growth habit certain genetically 
determined colonial types. These phenomena are ob¬ 
viously important because of their possible relation 
to the mechanism of gene-determined morphogenesis 
in fungi, and also because of their practical utility 
in handling these microorganisms. The term para- 
morph is proposed to designate a fungus culture in 
which morphological changes have been environmen¬ 
tally induced without any corresponding genetic alter¬ 
ations. It is thought that parainorph (paramorphie 
phenocopy) or paramorphie culture more exactly ex¬ 
presses the desired meaning than the term phenocopy 
as used by Goldschmidt (7). Phenocopy has been 
applied to environmental duplication of specific gene 
effects on development. Paramorph refers to a class 
of morphological changes in a less differentiated 
organism. Since parayiorpho genic activity would in¬ 
volve Hn environmentally induced qualitative change 
in growth habit, it is to be distinguished from toxicity 
effects in which a colony may grow to r limited extent 
before it is killed by a chemical. In the experiments 
here described, the colonial paramorphie cultures 
transplanted to inhibitor-free medium have always 
grown, and have resumed their normal growth habit, 
Littmann (12) observed that the addition of 1.5 per¬ 
cent dehydrated ox gall to culture media restricted 

1 Work done In part under a grant-in-aid from the Ameri¬ 
can Cancer Society upon recommendation of the Committee 
On Qrowth of the National Research Council. 


mycelial growth of certain fungi. Since desoxycholio 
acid is a normal constituent of ox bile, we have tested 
the effects of the addition of sodium desoxycholate to 
culture media, and hove found that it restricts the 
growth of N eurospora nnd the mucoraceous fungus 
Syncephalastrum racemosum to a compact thallus or 
colony. Further tests have shown that a number of 
other agents added to either liquid or solid media are 
likewise capable of producing colonial paramorphs in 
these fungi. Typical results obtained with some of 
these substances arc given in Table 3. The most suit¬ 
able concentration of sodium desoxycholate for the 
production of small discrete colonies of either fungus 
is 0.03 lo 0.035 percent (9xl0 -4 molar) in medium 
buffered to pH 7.0. 

Since sodium desoxycholate is surface-active, an¬ 
other anionic surface-active agent, Tcrgitol 7 2 (sodium 
3,9-diethyltridecanol-6 sulfate) was tested and found 
to induce similar growth changes in both organisms. 
The most suitable concentration was 0.00175 percent 
(5x10 5 molar) when added Lo autoclaved medium. 

The observation that inositol-requiring mutant 
strains of Neurospora grown in suboptimal concen¬ 
trations of inositol form pellets in liquid culture (2), 
and form restricted colonies on agar media, suggested 
the possible relation of inositol to the paramorphie 
effects described above. Since gnmmexanc (v-hexa- 
chloroeyclohcxane) lias been shown to be a specific 
inhibitor of certain biological and enzymatic activities 
of inositol (5, 9, 10 ), the colonial paramorphogenic 
activity of gnmmcxane was investigated. As shown 
in Table 1, this compound, added to eitheT minimal 
or complete agar media in a concentration of 0.025 
percent, was found to be a moderately effective para- 
morphogenie agent for Syncephalastrum. Its effect 
on wild-type Neurospora is much less marked, giving 
only a slight modification of morphology and no ap¬ 
preciable, change in growth rate. These effects of 
gammexane cannot be reversed by inositol. 

L- Sorbose, the keto-hexose listed in Tnble 1, is also 
paramorphogenic, but differs from the other com¬ 
pounds in that much higher concentrations are re¬ 
quired for'activity. In addition, colonies on sorbose- 
containing agar media remain restricted in growth for 

■Sample obtained by courteny of Carbide and Carbon 
Chemical Corporation. 
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periods up to 15 days, while with the other compounds ride) and Isothan 15 (l&uryl isoquinolinium bromide), 
the cultures tend to form aerial mycelia earlier, The were very toxic, but showed no paramorphogenic ac- 

TABLE 1 

Etfkct.s of I'ABAMOurHOucNH on Neurotpora. and Bunvfphalastrum Cultuhidh 


Medium 90-hr growth on aolld medium* 


Com pou ml 

Concentration 

Typo 

pH 

Carbon 

source 

yeurosparaf 

Spnvcpha- 

laatrumt 


% 



% 



Sodium deeuxycholu te 

.01 

min. 

7.0 

1.0 8 

spreading 



.02 

miu. 

7.0 

1.0 S 

8K 

R—5 mm 


,03 

min. 

7.0 

1.0 8 

K 



.03 

oom pi. 

7.0 

1.0 8 

R—30 mm 



.03 

LODlpl. 

7.0 

0.1 8 


R—5 mm 

Tergllnl 7 

.001 

min. 

5.5 

1.0 S 

R—10.0 mm 



.00 JG 

in In. 

5.5 

1.0 8 

r— > 2 .n mm 



.002 

min. 

5.5 

1.0 8 

R— 1.0 mm 



.002 

rain. 

5.5 

0.1 S 

R 

R—2 mm 


. .002 

eompl. 

5.5 

0,1 S 

8R 

Hprenrilng 


.004 

MDA 

4.7 

4.0 D 


JL—4 mm 


.04 

MDA 

4.7 

4.0 D 


R -1 mm 

Gammexane 

.025 

min. 

5.5 

0.1 8 

SR 

H—1 mm 


.025 

cnmpl, 

5.5 

0.1 5 

SH 

IL—4 mm 


.05 

min. 

5.5 

0.1 8 

sn 



.05 

MDA 

4.7 

4.0 D 


II—2 mm 

L-Sorbose 

1.0 

miu. 

5.5 

0.1 8 

n 

It-—2 mm 


1.0 

oompl. 

5.5 

0.1 s 

R 

R—2 mm 


* Characterization of growth, or average colony diameter In mm. 

t Normnl growth rate: 4.0 mm per hr. Similar results obtained with 5 lines Lea ted ; H. craaaa SY4n, Abbott 12A, 
Chilton n, y. tetraaperma, and N< aitophila 200-pyrldoxlnlesB (pyridoxin added to minimal medium). 

t Normnl growth rate: 0.7 mm per hr. Average of 4 strains; 470 New Britain 8. W. P., 527 Quebec, Canada, B51 
Columbia University Culture Collection, and 742 Panama Canal Zone. 

R—restricted growth MI)A—minlmnl dextrose asparagine agar 

SR—slightly restricted growth min.— Neiirospom minimal agar 

8—sucrose eompl.—Neurospora minimal agar supplemented with vitamins, enzyme- 

1)—Dextrose hydrolyzed casein, and yeaHt extract 


paramorphogenic effect of sorbose can be reversed, 
apparently competitively, by other sugars; gluooBe, 
sucrose (see Fig. 1), and more slowly by nmltoBe and 
by mannose. Other compounds tested, including glyc¬ 
erol, fructose, lactose, starch, and galactose, are much 
less active in reversing. the sorbose effect, although 
they are used by Neurospora as carbon sources. 

The paramorphogenic activity of sorbose for both 
Neurospora and Syncephala&trum is evidence against 
a direct relation of surface activity to colonial para¬ 
morphogenic activity in all cases. This view is also 
supported by the additional findings that paramorpho¬ 
genic activity of surface-active agents is limited to 
certain anionic compounds. Each of the compounds 
listed below huB a surface tension activity between 25 
and 40 dynes per cm for a one-percent solution (£); 
yet their paramorphogenic activities vary both quanti¬ 
tatively and qualitatively. Of the anionic agents, 
sodium lauryl sulfate and aerosol OT (diootyl sodium 
sulfosuccinate) produced colonial paramorphs at con¬ 
centrations comparable to effective concentrations of 
Tergitol 7 and sodium desoxycholate, whereas sodium 
oleate was inactive. The cationic surface-active agents 
tested, Roccal (alkyl-dimethyl-benzyl-ammonium chlo- 


tivity. Tween 80 (polyoxyethylene derivative of aor- 
bitan monooleate), the only nonionic surface active 
agent tested, was not toxic at concentrations up to 



Fiq. 1. Effect of sucrose on the paramorphogenic activity 
of sorbose on N, craaaa. Unear growth rates determined at 
20’ C In growth tubes. Note differences In growth rate on 
two levels of sucrose. 
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one percent, and was inactive as a paramorphogen. 
There is no evidence that inositol is directly involved 
in the paramorphogenic activities of the other chem¬ 
icals, since high concentrations of inositol have no 
effect on paramorphogenesis by sodium desoxyeholate, 
Tergitol, or sorbose with Neuroapora, or on that by 
desoxyeholate with Syncephalaatrum. Furthermore, 
bio-assays of Neuroapora mycelium grown in the pres¬ 
ence of Tergitol 7, or of sorbose, showed no significant 
variations from the normal inositol content. In ad¬ 
dition, sorbose hua no significant effect on the require¬ 
ment of the inositolleas mutant for inositol. These 
findings suggest that the puramorphogenic agents 
tested do not influence either inositol utilization or 
inositol synthesis by Neurospora or Syncephalastrum. 

In addition to theoretical considerations, the use of 
pnrumorphogens provides a new and valuable tool for 
handling many colonies on microbiological plating 
media. Sorbose has been selected as the standard 
colonial paramorphogen, because colonies on sorbose 
show no tendency to form extensive aerial mycelia, 
and because, in comparison with the other compounds, 
the effective concentration range of sorbose is wide, 
and survival is significantly better. Media containing 
0.8 percent sorbose and 0.1 percent sucrose or 0.2 per¬ 
cent sorbose and 1.0 peroent glycerol have been used 
effectively. The value of the sorbose technique in mu¬ 


tation studies has been demonstrated, using a strain of 
Neurospora which has a wild-type growth rate and 
which produces exclusively uninucleate microconidia 
(1). Microconidia were treated with X-rays (20,000 
r) and plated directly into complete medium contain¬ 
ing sorbose. Nineteen hundred colonies arising from 
the treated microconidia were isolated and examined 
for mutants; 24.2 percent morphological variants and 
3.1 percent biochemical mutants were recovered, with 
considerably less labor than is required by other tech¬ 
niques. In 500 control isolates 0.2 percent morpho¬ 
logical end no biochemical mutants were recovered. 
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Purine Metabolism in Tetrabymena and 
Its Relation to Malignant Cells in Mice 1 

G. W. Kidder, Virginia C. Dewey, and R. E. Parks, Jr. 

Biological Laboratory, Amherst College 


Gilbert L. Woodside 

Zoological Laboratory, University of Massachusetts 

O NE OF THE PRIME GOALS of studies in¬ 
volving metabolic inhibitors has been the dis¬ 
covery of useful chemotherapeutic agents 
which could be directed against invading organisms 
of man. Accordingly, if tests on bacteria in vitro 
seemed promising the compound was subjected to 
tests on the same microorganisms and others in vivo. 

* Aided by a grant from the Will lama-Waterman Fund for 
the Combat of Dietary Diseases, a grant recommended by 
the Committee on Growth acting for the American Cancer 
Society, and a grant from the American 'Cancer Society 
(Massachusetts Division), The authors wish to acknowledge 
the valuable aid given them by Philip S. Thayer, Charles B. 
Keevll, Jr. and Howard B. Sullivan, all of Amhent College. 


When metabolic inhibitors which blocked reactions 
peculiar to the invader but not; to the host were dis¬ 
covered (e.g. sulfonamides for p-aminobenzoic acid), 
then useful treatment resulted. Following these 
initial findings (£> 70), a long list of compounds have 
been tailored to inhibit many natural metabolites, and 
great strides have been made toward an understand¬ 
ing of competitive inhibition of specific enzymes by 
antimetaboliten (19). 

While certain encouraging reports have appeared 
in the literature concerning the retardation of the 
growth of neoplastic tissue following the injection of 
folic aeid antagonists (5, 15, 17), nitrogen mustards 
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(1 } 3, 17), and recently 2,0 diominopurine (4), the 
differential between neoplastic inhibition and boat 
toxicity is exceedingly narrow or nonexistent. ThiB 
narrowness of differential effect is what is to be ex¬ 
pected when inhibitors of metabolites essential to the 
host are employed. Our knowledge of the biochemical 
pattern of cancer oellB, and indeed of enimnl cells in 
general, has been too incomplete to formulate a ra¬ 
tional attack on cancer with any assurance thaL the 
inhibition would be specific for the cancer. In other 
words, no single, clear-cut qualitative biochemical dif¬ 
ference between normal and malignant cells was 
known. 

Our work on the animal microorganism Tetra- 
hymena geleii has demonstrated iU biochemical simi¬ 
larity to the vertebrates in regard to amino ucid (10) 
and vitamin requirements (13). There are, however, 
a few striking differences between the protozoan and 
the vertebrate, such us the total lack of sucrose-split¬ 
ting enzymes, and presence of guanine and uracil 
requirements in Tetrahymena. The purine and pyri¬ 
midine metabolism has been subjected to intensive in¬ 
vestigation, since it was felt that these very differ¬ 
ences from the mammalian metabolic pattern might 
prove to be useful tools. It has been pointed out 
that, while the mammal can synthesize guanine from 
adenine (£), it cannot make use of dietary guanine 
for the reverse reaction. Tetrahymena , on the other 
hand, cannot synthesize guanine but requires this 
purine in its diet (II). A similar situation exists in 
the case of uracil, which, while required by the proto¬ 
zoan (11), fails to be metabolized by the lnnninml 
when it is added to the diet (16). 

During a comprehensive study by Ditchings and 
co-workers (8, 0) of substances designed to inter¬ 
fere with nucleic acid svjlthesis, compounds were pro¬ 
duced which provided tools for attacking these prob¬ 
lems. These authors have pointed out that hucIi sub¬ 
stances might be expected to have chemotherapeutic 
effects even on the basis of the difference in rate of 
nucleic acid synthesis between host and parasite (S). 

Studies on substituted pyrimidine (12) have shown 
that competitive inhibition results when certain sub¬ 
stitutions are made and inhibition indices from < 20 
to > 1000 were found. 

Inhibition indices (based on complete inhibition) 
from 0,075 to 300 wert found when a number of sub¬ 
stituted purines were tested (14). Evidence was pre¬ 
sented which seems to indicate that the most powerful 
purine inhibitor encountered (5-amino T-hydroxy-l H- 
v-triazolo [d]pyrimidine) produces its effect by being 
incorporated in the nucleoprotein, and this incorpora¬ 
tions depends upon its structure, which is that of a 
guanine analogue. Thus the guanine analogue, which 


we will call guanazolo, has an inhibition index (calcu¬ 
lated for half-maximum growth) of 0.02, the 2,8-di- 
aminopurine analogue (5,7-diamino-lH-v-triazolo[d]- 
pyrimidine) which we will call diamin&zolo, has an 
index of 27, while the hypoxanthine analogue (7-hy- 
droxy-IH-v-triazolo-[dJpyrimidine) is inert. 

The suggestion was mude (16) that if invusive 
organisms could be found with a purine metabolism 
similar to that of Tetrahymena, then guanazolo should 
inhibit their development without being metabolized 
by the host. Tesla on mice showed that the compound 
was non toxic when repented doses were given over a 
three-day period. 

With this background we were ready to determine 
whether or not cancer cells were similar to normal 
cecils in this phase of their purine metabolism. Ac¬ 
cordingly wc chose a rapidly growing transplanted 
mouse adenocarcinoma^ (Eo77I) for our initial test 
and both guanazolo 1 and diuminnzolo for the possible 
inhibitors, on the theory that if the cancer cell had 
lost its ability to synthesize guanine (or gnined the 
ability to metabolize guanine), then guanazolo should 
cause growth retardation while diuminnzolo should he 
relatively ineffective in moderate concentrations. This 
theory appears to be correct, and the number of mice 
in this scries of experiments has now reached over 300. 

Fig. 1 illustrates the striking difference in tumor 
size between the control group and the guanazolo- 
Lrcnted group. The number of mice in this initial ex¬ 
periment was small (eighteen divided into three equal 
groups), and the standard deviations of the control 
group and those which received the diaminazolo over¬ 
lapped to an extent which indicates little or no sig¬ 
nificant difference between the two. Accordingly no 



mice (CG7 black) were used In this experiment (0 lu each 
Buries), Dosage 000 y twice dally, subcutaneous. Hlze of 
tumors (cm*) averaged In each series, Treatment started 0 
cliiya after Inoculation. 

'Purchaned from ttie Roaeoo B. Jackson Memorial Labo¬ 
ratory. 

* AU but one sample of the guanazolo used was obtained 
through the cooperation of Dr. Httcfalnga. The remaining 
Hum pie was sent to ub by Dr. R, O. Robltn, Jr. of American 
Cyanamld Company. 
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Fit!. 2. Adenocarcinoma Eo771. Thirty inoculated mire 
(CB7 black) were used In this experiment (10 control; 10 
given BOO y of guanazolo twice dally subcutaneously; 10 
given BOO y or guanazolo twice dally Intraperltoneally). 
Since there was no detectable difference In tlie route of ad¬ 
ministration the tumor Sizes of all the gunnazolo-treated 
mice were averaged. 


further tests were run using diuminazolo. Almost 
complete cessation of tumor growth resulted during 
guanazolo treatment (the tumors were six days old 



Fia. 3. Spontaneous mammary cancer In C3H mice. 
Twelve mice were need In this experiment (6 control; 0 
given 1 mg of gonna solo twice dally Intraperltoneally). The 
Initial eegregatlon Into the t*o scrlee was random, and the 
Indueton of the largest tumor In the control group (dead at 
IB daya, marked X on curve) raised the average of the tumor 
alee of the control Mrlea over the treated series at the start 
of the experiment. 


when treatment was instituted), but growth resumed 
shortly after the treatment was discontinued. 

Subsequent experiments employing substantial num¬ 
bers of tumor-bearing mice have completely duplicated 
the results of the first experiment on this type of ma¬ 
lignancy. Graphic representation of one such series 
of 30 mice is shown in Fig. 2. The treatment in this 
case was divided equally (10 each) between saline 
control, 0,6 mg of guanazolo twice daily administered 
subcutaneously, and the same amount of guanazolo 

TABLE 1 

Lymphoid Lkukhmia 



length 


Ten 


of 

Ten 

control 

Effects 

treat¬ 

mice 

mice 


ment 

treated" 

(un¬ 


(days) 


treated) 

Willie blond cell* (ove.) 

r> 

0,000 

11 . 0 R 0 

. . 

12 

5,011 

20 T 175 

PerreuL lymphoblasts (uve.) 

10 

O.K 

32 

“ " “ 

13 

1.0 

21 

No. palpable tumor massee 

13 

1 

10 


• With BOO 7 guanazolo twice dally, atari Ing 3 days after 
Inoculation. The particular preparation of guanazolo (17-3) 
used In this experiment produced a leukopenia after pro¬ 
longed treatment. Thnt a contaminating substance In this 
preparation produced the effect was shown by observations 
on normal mice treated with 17-3 and normal mice treated 
with another preparation (17-4). No leukopenia developed 
after four weeks oT treatment with 17-4 (1 mg twice dally), 
whereas leukopenia did develop with 17-3. There wan, how¬ 
ever, complete retardation of adenocarcinoma Eo771 and 
spontuneouN mammary cancer In C3II mice following the 
administration of 17—4. 

given intrapcritoneally. No difference in the effect 
on the tumors was found between the two routes of 
guunazolo treatments. 

Pathological findings 4 show that this level of treat¬ 
ment does not cause the death of the malignant cells, 
but only checks their growth. 

Due to the extreme activity of guanazolo as on anti- 
guanine, it has been difficult to reverse its activity. 
Massive doses of guanylic acid, calculated on the basis 
of TetrahymevHi activity ratios, administered together 
with effective levels of guanazolo, have given indica¬ 
tions of inhibitor release, but the guanylic acid is so 
insoluble that the effective blood levels are much below 
those required for complete release. The data at 
hand, hdwever, are consistent with the theory that the 
effect of guanazolo on the cells of Eo771 is the same 
as in Tetrahymena. 

With the evidence of a real biochemical difference 
between the cancer cells of Eo771 and the normal 
mammalian cells, and the mechanism of the reaction 

4 Control and treated mice were sent to Dr. Joseph C. Aub, 
director of the Cancer Commission of Harvard University and 
the pathological studies were made by Dr. William nineteen. 
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between the inhibitor and enzyme system indicated, it 
was of the utmost importance to tost the general oc¬ 
currence of this difference in other types of malig¬ 
nancy. We have had the time and opportunity to 
investigate only two other cancers. One was the 
spontaneous mammary cancer of strain C3H 1 2 * 4 5 mice, 
the results of which are shown in Fig. 3. The other 
waH a lymphoid leukemia (lymphoma 2) in strain A 
mice, 6 7 8 the results of which are shown in Table 1. 

These results strikingly illustrate the soundness of 
the view expressed by Greenstein (7) when he said 
(p. 367) : “It seems probable that a cancerous tissue 
can be described by a chemical pattern which is largely 

■ Purchased from the Hoseoe B. Jackmui Memorial Labo¬ 
ratory. 

■ Bent to ui by Dr. Lloyd W. Law of the National Cancer 
Institute. 


similar to that of nearly all other cancerous tissues 
regardless of their etiology, histogenesis, or even spe¬ 
cies wherein found. 1 ’ It would be hazardous to as¬ 
sume that all malignant cells, unlike the normal, 
metabolize guanine and therefore will become in¬ 
hibited by guanazolo. But the fact that the first 
three types selected show the same biochemical dif¬ 
ference from the normal cells would, on the basis of 
chance alone, offer fantastic odds in favor of uni¬ 
formity, at least in this respect, among the various 
ouncerous tissues. 

Experiments arc in progress with guanazolo on 
other types of malignancy, on the most effective 
dosages, on the effect of diet (purine intake) and on 
the effect of age of the tumor before the administra¬ 
tion of the inhibitor. The details will be reported 
later. 
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TECHNICAL PAPERS 


Crystalline Dihydrostreptotnycin Sulfate 

I. A. Solomons and Pc tor P. Rogna 

Act torch Laboratoriet, Chat. Pjiwr and Co., Inc., 
Brooklyn, New York 

Dihydrostreptomycin (I) sulfate has now been crystal¬ 
lized. Crystals were first obtained by agitating and 
warming a concentrated aqueous solution of relatively 
pure dihydrostreptomycin sulfate with a large volume of 
methylethyl ketone. The lower aqueous phaso was slowly 
converted from an oil to a gum, which finally crystallized. 
Subsequently, better crystallization procedures were de¬ 
veloped in which methanol and other low-boiling solvents 
were substituted for the methylethyl ketone. 



Flo. 1. Crystals of dihydrostreptomycin sulfate. Mag¬ 
nification 400 diameters. 


Dihydrostreptomycin sulfate crystallizes as trapezoidal 
plates (Fig. 1). Two refractive indices of the crystal¬ 
line material were found to be approximately 1.652 and 
1,656. After recrystallizing and drying in vacuo at 100 ", 
the anhydrous crystals melted at 255-265" (with decom¬ 
position), [a]^J-88“ (concentration, 1.0% in water). 
Analysis. Calculated for (OnHaOuXOi ■ (HJBOJ b : C, 
54.62; H, 6.07; N, 16.42; SO* 19.72. Found ; C, 84.67; 
H, 0,28; N, 13.08; SO* 19.99. 

The biological potency of the anhydrous crystalline 
dihydrostreptomycin sulfate, when assayed against B. 
WtWUi by plate assay, was 815 y/mg and against E. 
coU by tur bidime trie methods was 820 y/mg using the 


F.D.A. streptomycin working standard. By chemical 
assay using this same standard the potency was 830 
y/mg for streptidine and 0 y/mg for maltol. 

Reference 

1. Peck, H. L., Hoffrine, C. E., Jr., and FolkehS, K. J . 

Amer , chem. Boo., 1940 , 68 , 1390 . 

Crystalline Salts of Dihydrostreptomycin 

F, J. Volf, E. T. El men dor f, R. G. Denkew nicer and 
M. Tithler 

Retearcb and Development Diviiion, 

Merck and Company, Ine., Rahway, New /«n«> 

Although a crystalline helianthate (J) and rei neck ate 
(I) of dihydroatreptomycin have been obtained, the 
preparation of crystalline salts suitable for therapeutic 
use has not been recorded. We wish to report at this 
time the preparation in crystalline form of the two 
currently used salts of dihydrostreptomycin, namely the 
hydrochloride and the sulfate. 

Crystalline dihydrostreptomycin sulfate ( [a] ^{5= - 88.5°, 
concentration = 1) Is obtained as small platelets in almost 
quantitative yield from a solution of essentially pure 
amorphous sulfate (20 g) in 1:3 methanol-water mix¬ 
ture (300 cc). The crystalline sulfate (rap 260° C, with 
decomposition) contains no solvent of crystallization and, 
in contrast to the amorphous form, shows very little 
hygroscopicity. Both the crystalline and the amorphous 
form are very soluble in water, but the crystalline sulfate 
is much less soluble (0.S mg per ml) than the amorphous 
salt (100 mg per ml) in 50% methanol-water mixture. 
This low solubility of the crystalline sulfate in methanol- 
water mixtures makes possible the conversion of many 
dihydrostreptomycin salts to the crystalline sulfate by 
their metathesis with amine sulfates. Analyst*. (Dried 
at 50 9 C.) Calculated for (0*1^0^) a 3HJ90,: C, 
34.42; H, 6,05; N, 13.38; S, 6.50. Found; C, 34.26; 
H, 6.32; N, 13.27; S, 6.59, 

By microscopic examination of the crystalline sulfate, 
the following characteristics were observed: indices of 
refraction, a = 1.652 + 0.002; p = 1.658 ± 0,004; y = 1.606 + 
0.002; birefringence (calculated) +0.002; axial angle , 
2V (calculated) -89°; extinction parallel; extinction 
angle -18", 

Using a Noreloo Geiger counter X-ray spectrometer, 
major peaks were observed at the spacings 3.42 A 
(max); 3.62 A; 4.70 A; 4.78 A. 

Crystalline dihydrostreptomycin hydrochloride is ob¬ 
tained in a 76% yield as fine needles from a solution 
of essentially pure amorphous salt (84 g) in methanol 
(260 cc), Crystallization is slow unless the solution is 
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seeded and stirred gently. The crystalline hydrochloride 
is soluble in methanol at 25 s C to the extent of 45 mg 
per ml, whereas the amorphous hydrochloride is soluble 
in excess of 1 g per ml. The crystalline product con¬ 
tains methanol, which is lost on heating at 100* C. The 
X-ray diffraction pattern of the methanol free product 
exhibits major peaks at the spncings 3.75 A; 4.50 A 
(max); 4.90 A; 5.25 A; B.85 A. Analysis. (Dried at 
100° C.) Calculated for CnH^OnN, - 3HCI: C, 36.34; 

H, 6.39; N, 14.12; Cl, 15.33. Found: C, 36.21; H, 6.73; 
N 7 1B.89; Cl, 15.10. La]^ = -95'\ Concentration = 1. 

Microscopic examination of a sample dried at room 
temperature shows the following characteristics; indices 
of refraction, a = 1.522 ± 0.002 ; p = 1.548 ± 0.002 ; y ~ 

I. 500 + 0.002; birefringence -0.008; axial angle , 2V 
(calculated) 80°; extinction parallel; sign of elongation 
positive; pleochromism absent. 

In general, the pharmacological properties of the crys¬ 
talline salts are similar to those of the highly purified 
amorphous salts. However, certain impurities usually 
present In the amorphous salts are removed by the 
crystallization procedures, and consequently the batch- 
to-batch variation in the pharmacological response to 
the drugB observed in amorphous preparations has been 
eliminated in the crystalline salts (JS). 

■ ’ . J bfwm cei 

1. Fried, J. and Wintersteiner, O. J. Amcr. chem. 800. 3 

1947, 60, 79. 

2. Ott, W. H. and Kona, S. Unpublished data. 

3. Peck, R. L., Hofphinb, C. E., Jh., nnd Folkbbh, K. J. 

Amer. chem> 80 c., 1046, 0B, 1390. 

Special Sample Tray for the Continuous 
Gas-Flow Type Counter Tube 1 

G. E. Burch, J. A. Cronvich, T. Ray, P. B. Reiur, 
and S. A. Threefooc 2 

Department of Medicine 'and School of Electrical 
Engineering, Tulans University of Louis lama, and 
Charity Hospital of Louisiana at Now Orleans 

Because of recent interest in the continuous gas-flow 
type of counter tubes, an improvement in the sample 
tray for such a counter is presented. In order to reduce 
the length of time required to flush the counting chamber 
with gas, a modification of the counter was made to 
permit preflushing of the next sample to be counted while 
one sample In being counted. 

The improved sample tray consists of a circular metal 
disk containing three receptacles for samples. These re¬ 
ceptacles are symmetrically arranged so that while one la 
in the counting space, the second is in the preflush posi¬ 
tion, and the third is open to the atmosphere for sample 

1 Aided by grants from the Life Insurance Medical Re¬ 
search Fund, a War Contract No. WD-4B-007-MD-B89, aiul 
the Mra. E. J, Cairo Fund for Research In Heart Disease. 

■The authors acknowledge with gratitude the excellent 
work of Ur. Ralph Millet, the Instrument technician of the 
Inhomtory. 



Fig. 1. Views showing the top stationary plate. The 
counter Is fixed to one circulnr opening (inserts 1, 2, and 8). 
The gas flows Into the chamber of the counter, Into the gas 
Inlet and then Into the “attic” or the preflush chamber (In¬ 
serts 1, 2, and 4), which Is constructed to permit equal dis¬ 
tribution of the gas before It escapes Into the atmosphere 
through the outlet tube. 

changing. The flushing gas first enters the chamber of 
the counter, flows over the sample being counted, and 
then enters the preflush chamber, where the next sample 
to be counted is flushed, after which the gas is allowed to 
escape into the atmosphere. The construction permits ro¬ 
tation of the circular disk to allow a change in position 
of the samples. This chamber is overlaid with small lead 
cubes of sufficient thickness to prevent the sample in the 
preflush chamber from influencing the background count. 
If elements with high energy gamma emission are being 
studied, so that adequate lead shielding is impossible, 



Fig. 2. Views of the turntable or sample troy with the 
8 sample receptacles. This rides on a thrust ballbearing 
(Aetna B 45, B|-ln Inside diameter, 5-7/28-ln outside di¬ 
ameter, 1-ln thickness). Insert 9 shows s brass Oiler which 
Is placed In each receptacle. The fillers are cut to flt the 
sample trays or disks to Insure their constant geometrical 
relationship. 
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Fio, 3. Views or the base plate upon which the thniat 
bearing rests and to which la fixed the top plate shown in 
Fttf. 1. The bars on pine (Insert 11) are friction-fixed Into 
thin baae plate hut fit loosely Into the top plate ; the top 
plate la thus prevented from turning when (he (urntable or 
sample receptacle tray la rotated, but at the unnir time the 
top plate Is permitted to ride freely upon Hnd to eenl the top 
of tlie turntable. The bearing surfaces between the top plate 
and sample tray are coated wltli a thick grease. A sonl is 
further Insured by the weight of the counter, top plate, and 
Center post, which comprcsecH a rubber washer agulnst the 
center of the top plute, pressing It toward the bottom one. 

then the preflushing feature is not used. Under such 
circumstances, the sample is rotated clockwise into the 
counter; sufficient time is then allowed for flushing and 
a count is obtained. The sample tray is rotated counter¬ 
clockwise, so that its receptacle is brought to the outside 
for changing of samples. 

Details of construction of the sample tray and its op¬ 
eration are evident from the illustrations. The plan may 
be modified to Include automatic features. 

Male Frogs and Toads as Test Animals for 
Early Pregnancy and Certain Related 
Conditions 

J. L. Bhadurl and N. L Bardhan 

Department of Zoology, Uutvonity of Calcutta, India 

Very recently a Large amount of evidence has been 
accumulated to show that males of Salientia can be un¬ 
equivocally used to test for early human pregnancy 
(1—5 ). Maininl (5) has demonstrated for the first time, 
that in the males of the South American toad, Bufo 
are norum, there occurs within 9 hr following injection 
a release of spermatozoa into the urinary bladder as a 
result of gonad-stimulating substances in the human 
pregnancy urine. Wiltberger and Miller (6) have con¬ 
firmed, in the main, and extended Maininl's observations 
-by using the common American leopard frog, Sana 
pipieus. TAma and Pereira (4) have also confirmed 
Maininl's test by using another toad, Bufo marinus. 


Again, while supporting claims made for this test by 
the above-mentioned workers, Haines (1), who used B. 
arenarum, which he received from the originator of the 
test, observes, f< It remains to be seen whether Bufo bufo 
or Sana tomporaria will be equally suitable." We have 
also been able to obtain a similar result by using the 
males of ordinary salientians that are easily available in 
Calcutta, namely, Bufo melanoetictus, B. atomatioua, and 
Rana tigurina. Only a few specimens of each of the 
latter two species were employed for the confirmation of 
the results obtained in the former, which, however, was 
used chiefly during the course of our investigation. 

In a series of urine tests run during the months of 
July to September, wo obtained only positive results from 
the first and mid-trimester of pregnancy (Table I). 
There was not oven a single case of a false negative. 
Urine tested from the last trimester, however, gave 3 
false negatives. This may be due to a low level of 
gonad-stimulating substances in the urine. Further¬ 
more, both positive and negative tests were obtained from 

TABLE 1 

Urine Tests foil Pregnancy and Other Conditions 


Hnmpleg of urine + - Total 


Pregnancy- early (up to 00 days) 20 0 20 

“ —mid (from B1-1B0 days) 11 O 11 

“ -late (alter 180 days) 26 3 20 

Nonpregnnncy . 0 14 14 

Sterility . 0 14 14 

Mule . 0 4 4 

Pathological (abortions, mole, etc.).. 0 20 20 


Total . 75 55 130 


some individuals with related pathological conditions, 
such as hydntiform moles, superinvolutions, abortions, 
etc. The results of such tests tend to throw some light 
on the clinical aspects. Neither the control animals (the 
experimental animals also served as controls; their urine 
was examined for spermatozoa before they were injected 
with human urine), nor those injected with urines from 
nonpregnant Or sterile women, or men, ever released 
spermatozoa. 

The technique employed in our series of tests is as sim¬ 
ple as that of previous workers (J, 5, 4). In spite of our 
best efforts we could not secure early morning (over¬ 
night) urine, except for a few samples. The tests were 
based chiefly upon urines collected during late mornings 
and evenings, the identification not being known to us un¬ 
til after the tests. Our findings were afterwards clini¬ 
cally con^rmed. Although a fresh toad was used for each 
urine test, a similar result could also be obtained from 
the same experimental animal after An interval of 4 to 7 
days. One such animal could thus be re-used with suc¬ 
cess at least four times before it expired. A 5-cc dose of 
urine wan uniformly adminietered, but If the test turned 
out to be negative, an additional dosage of 5 ce was ad¬ 
ministered 2 hr after the first injection, in order to cor¬ 
roborate the first result. In most cases a negative re¬ 
sult was obtained even with a double dosage; only three 
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samples of urine from the last trimester of pregnancy 
gave positive readings 4 hr after the second dosage of 
injection. Mention may also be made of tho fact that 
a 2-cc injection of urine, or even 1-cc in a few cases, 
produced the same result as that obtained by a B-cc in¬ 
jection, especially in those samples that gave strongly 
positive results. It appears from these observations that 
there may be some relation between the gonad-stimulat¬ 
ing substances in urine and the liberation of sperma¬ 
tozoa, The results of 130 tests run in this laboratory 
are summarized briefly in Table 1. 

It is interesting to note also that the time required for 
a positive reaction was only 25 min after the injection of 
urine in a large number of cases. Records of a few 
tests from the early trimester showed that a release of 
spermatozoa continued at intervals for B to 10 hr, com¬ 
pletely disappearing after that period. The experi¬ 
mental animals were reexamined the next morning, but 
no spermatozoa wcto ever released with tho voided urine. 
It cannot be stated with any degree of certainty whether 
there is seasonal variation, either in the duration or in 
the rapidity of the release of spermatozoa. Since Wilt- 
berger and Miller ( 5) have stated that M the possibility 
of seasonal variation is still unknown/ 7 we hope to con¬ 
tinue our tests during this winter. A detailed account 
of these and further tests will be published elsewhere. 

It is apparent that our observations not only confirm, 
in the main, those in the most recent paper by Miller and 
Wiltberger (4), but also add some valuable data. Suf¬ 
fice it to say that the use of males of the Salientia as 
test animalB for early pregnancy and certain related 
conditions will open a new chapter in the investigation 
of the biologic assay of urine hormones. 

We wish to record our sincere thanks to Brs. G. Nandy, 
Binoy Banerjee, J. Chakravarty, and P. Das of Lake 
Medical College, Mrs. S. Ghosh of Baldeodas Maternity 
Hospital, and the authorities of Chittaranjan Seva Sad&n, 
for generously providing us with specimens of urine. 
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A Study of Native Species of Male Toads 
as Test Animals in the Diagnosis of 
Early Human Pregnancy 

Paul F. McCallin tad Richard W. Whitehead 

Department of P by Biology end Pharmacology, 

Unlvinity of Colorado Uodlcai School 

After Galli-Mainini (£) in 1947 reported the use of 
the male Booth American toad, Bufo arenarwm Hensel, 
in the routine diagnosis of early pregnancy, other in¬ 
vestigators (5, 4) demonstrated that the male frog, Bona 
piptent, responded to human pregnancy urine in a manner 


similar to that of the South American toad, namely the 
rapid release of spermatozoa. 

Impressed by the simplicity and economy of this test, 
we became interested in the possibility that species of 
male toads native to the Rocky Mountain area might 
serve as satisfactory test animals. Two species have been 
tested, Bufo woodhousii of GlTard, the most widely dis¬ 
tributed Hpecies of toad in Colorado, and Bufo ameri- 
canus, the common toad of North America. In this 
region those animals offer the advantages of being more 
hardy and' easier to keep than frogs. 

Our technique haB been simple, consisting of the In¬ 
jection of 5 cc of untreated uriue into the dorsal lymph 
sac of the animal. We then obtain a specimen of toad 
urine 3 hr later by the introduction of the tip of a small 
(1 cc) pipette into the cloacal orifice. The specimen is 
examined unstained under the low power of a microscope 
for the presence or absence of the numerous motile, 
thread-like spermatozoa. If these are absent, specimens 
are again examined at 6 and 24 hr. Animals may be 
used again after a rest period of one week. 

We have performed a total of 145 tests to this date. 
Five animals have died as a result of the injection. 
There were 75 negative results and 65 positive results. 
In no case did a urine from a nonpregnant patient give a 
positive result. In 69 Friedman or Aschheim-Zondek and 
toad tests performed coincidentally, there was one dis¬ 
agreement, a negative toad test and a positive Friedmau. 
The patient could not be followed to ascertain which was 
correct. Remaining tests were performed on specimens 
obtained from patients seen in Colorado General Hos¬ 
pital Outpatient Department suspected of early preg¬ 
nancy. All results in these cases were proven correct 
by clinical followup. The earliest positive result was 
obtained only 8 days after the first missed menstrual 
period. Urine specimens obtained from women past the 
sixth month of pregnancy gave false negatives in 2 out 
of 5 specimens tested, confirming the unreliability of this 
test in late pregnancy as reported by workers using the 
South American toad (5) and the frog (J). 

A urine specimen from a patient with hydatldiform 
mole was tented. It gave a positive result in a dilution 
of 0.05 cc. Busing our calculation on the observation 
that these animals have responded to a minimum of 10 
rat units of a commercial preparation of chorionic 
gonadotropin, we estimated that there were at least 200,- 
000 rat units of gonadotropin per liter In this specimen, 
a level consistent with the diagnosis of mole. 

Those native toads have been used up to 8 times with 
no apparent decrease In accuracy. An effect of repeated 
injections seems io be the slowing of reaction time. On 
the first injection all positive results were evident within 
3 hr. However, on further injection, spermatozoa did not 
appear until 5 hr in nine positive tests, and until 24 hr 
in four such tests out of a total of 50 positive results 
in animals injected more than once. Bufo amerioonuo 
was used in 18 tests and Bufo woodkouiH Girard in tbs 
remaining 127 tests, The one discrepancy between toad 
and Friedman testa occurred in Bufo woodhouoU Girard. 
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The faet that these two native species of toads, as well 
an several South American toads and the frog, Sana 
pipieTis, respond to the Injection of urine from pregnant 
patients by the rapid release of spermatozoa would seem 
to Indicate that this reaction is generalized in toadB and 
frogs and that it offers a prnctical means of testing for 
early human pregnancy. 
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Vacuum-Paraffin Infiltrator 

Emerich Ehrlich, Jr. 

Department of Anatomy, 

St. Louie University Medical SrfiooJ 

The need for a method which would infiltrate a whole 
Tat brain with paraffin was the basis for development of 
the vacuum-paraffin infiltrator,) an electrical heating unit 
which contains a glass bottle connected to a vacuum 
source. The heat in the bottle is controlled by a rheostat 
which regulates the flow of current into the heating unit. 

The procedure followed in developing the infiltrator 
was first to select a suitable glass bottle. A copper cup 
was formed into which the bottle was placed so that there 
was a close sliding fit between bottle and cup. A thin 
sheet of asbestos paper was wrapped around the metal 
cup to form a base upon which tho high resistant wire 
was wound. The wire used was 24 gauge chromcl 11 A 11 
asbestos-covered wire. Care must be taken in winding 
the wire to reduce the hazard of short circuit. A piece 
of copper tubing was fitted over the coils, and holes were 
drilled into the tubing so that dissipation of excess heat 
would be more effective, thereby preventing the contents 
of tho glass bottle from becoming overheated. The wire 
coil of the heating unit was attached to two contact poles 
which were incorporated into a wood base facilitating use 
of a plug to connect the rheostat. 

The rheostat, similar to ready-made ones, was designed 
to be more adaptable to control of the heating unit. 
Buttons on the control dial of the rheostat were con¬ 
nected at various points of the resistance wire, thereby 
cutting in or cutting ottlt more or leas resistance. A small 
Christmas tree light was added to the rheostat. It lights 
up when the switch is on, and dims or brightens as the 
control knob of the rheostat is turned from button to 
button; the brighter the light, the higher the tempera¬ 
ture in the heating unit. This feature is a valuable aid 
in indicating whether the circuit 1 b operating properly. 
If the heating unit wire develops a break, the light will 
not dim or brighten to the same degree when the control 
knob is passed over the buttons of the rheostat. 

1 The author extends his appreciation to B. Ehrlich, Sr, 
for technical assistance in producing this model. 


Tho vacuum source is a conventional water aspirator 
which is attached to a water faucet. A two-holed rubber 
stopper is used in the bottle of this model, one hole con¬ 
taining the glass tubing for the vacuum connection and 
the other containing a thermometer which is used to make 
an occasional check on the temperature of the paraffin. 

The advantage of this vacuum-paraffin infiltrator is 
that it can be set into operation and left without need for 
constant attention. It has also been found that resulting 
paraffin tissue blocks are more compact, due to the low 
air content of the paraffin. If the clearing agent is a 
comparatively volatile substance, its removal is expedited 
by this method. By keeping the paraffin free of the 
clearing agent, the necessity of having two or three 
changes of paraffin Is eliminated. 

The Effect of Supervoltage Cathode Rays on 
the Nonenzymatic Browning Reaction of 
Dried Fruits and on Chemical Compounds 
Pertaining Thereto 

Bernard E. Proctor and Samuel A. Goldblith 

Food Technology Laboratories , 

Massachusetts Institute of Technology, 

It has been demonstrated previously that ionizing radi¬ 
ations have a lethal action on bacteria and thus may 
offer a potential means of processing foods ( 1, J). To 
determine the feasibility of using these radiations in the 
preservation of foods, the effects of the radiations on the 
nutrients in foods, on color components, and on flavor are 
under investigation in these laboratories. 

The experiments described herein relate to some obser¬ 
vations made on the effects of high voltage cathode rays, 
electrostatically produced, on color in dried fruits, ex¬ 
tracts thereof, and compounds pertaining thereto. The 
cathode rays utilized in this work were obtained from a 
Trump Generator (fi, 7) operating at 8,000 kv. 1 

Dried prunes were exposed to cathode ray irradiation 
for dosages up to 10 million roentgen-oquivalents-physicAl 
(rep). A definite bleaching of the flesh was observed 
in prunes that were examined Immediately after irradi¬ 
ation, but no color changes in the skin were noted. The 
amount of bleaching increased with greater dosages of 
radiation. After the prunes had been at room tempera¬ 
ture (70°-80 D F) for two weeks, the color of the flesh 
appeared to have returned to normal. No noticeable 
change was observed in the flavor of the prunes imme¬ 
diately after irradiation or two weeks later. 

A similar experiment was carried out with Thompson 
Seedless Raisins. With raisins, howevei, bleaching oc¬ 
curred in the akin as well as in the flesh, and a definite 
off-taste was noted. As in the case of the prunes, the 

'The authors are grateful to Dr. John G, Trump and Mr. 
Kenneth A. Wright of the Department of Electrical Engi¬ 
neering, Massachusetts Institute of Technology, for their 
cooperation In making available the Trump Generator. 
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color returned to normal after the raisins had been held 
approximately two weeks at room temperature. 

To determine quantitatively the effects of ionizing radi¬ 
ations on prunes, samples of prune juice were irradiated 
by high voltage eathode rays with dosages of 10,000,000 



Fio. 1. The ullriivlolet absorption spectrum of prune Juice 
Irradiated by cnthode ruys and allowed to stand Ht room 
temperature for 10 lumrs. 

rep. Visible absorption spectra were determined on both 
control and irradiated samples immediately after irradi¬ 
ation and after standing at room temperature for 20 hr. 
Ultraviolet absorption spectra were also determined on 
both control and irradiated samples immediately after 
irradiation and also upon standing 20 hr. These arc 
presented in Fig. 1. The prune juice waB bleached by 
the ionizing radiations, and there was a partial return 
of color after the samples had Htood 30 hr. The color 
changes are presented in Table 1. The amount of color 


TABLE 1 

Effect of High Voltage Cathode Hays on Color 
of IHicnk .Thick 


Sample 

Hours 

standing 

after 

Irradi¬ 

ation* 

Color 

Arbitrary 

units 

% of 
control 
sample 

Control . 


eon 

100 

Irradluted 

0 

80 

13.2 

11 . . . , 

4.5 

185 

28.2 

■' . ... 

20 

280 

46.3 


• At room tempemluie. 

was obtained by integration of the transmission curve 
(4). The shapes of the visible absorption spectra curves, 
plotted as extinction referred to wavelength, were similar. 


Fig. 1 indicates that prune Juiee has a maximum ab¬ 
sorption at 285 mji, suggesting 5-(hydroxymethyl) -fur- 
furaldehyde (HMF), one of several compounds to which 
the brown color of dried fruits has been attributed (5). 
Upon irradiation, there is a drop in this peak and no 



Wavelength (mji) 

Fig. 2. The ultraviolet absorption spectrum of a browned 
apricot extract Irradiated by cathode rays for dosages up to 
20.1 x 10" rep. 

significant return to this maximum with a lapse of 20 hr. 
Irradintion of prune juice by 20,000,000 rep. of cathode 
rnys results in an entirely different curve, with an ab¬ 
sorption maximum at 265 m|i. 

Since Fricke (£) has shown that ionizing radiations 
result in the production of small quantities of hydrogen 
peroxide, it was deemed desirous to react sojpo hydrogen 
peroxide with prune juice to determine whether this re¬ 
action causes bleaching and changes in ultraviolet ab¬ 
sorption spoctrum. A solution of 25 ml of prune juice 


TABLE 2 

Effect or High Voltage Cathode Rath on Colob 
or Browned Apricot Kxtbact 


Sample 

Hours 

standing 

after 

Irradi¬ 

ation* 

Color 

Arbitrary 

units 

% of 
control 
sample 

Control. 


380 

100 

Irradiated . . . . 

0 

30 

7.B 

II 

18 

120 

31,6 

1ft 

35 

240 

6B.2 


■ At room temperature. 


and 5 ml of 3% hydrogen peroxide was allowed to react 
for 5 min at room temperature. Samples of the solution 
were then diluted for determination of visible absorption 
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and ultraviolet absorption spectra. No change in color 
or in ultraviolet absorption spectrum was observed in the 
peroxide-treated juice as compared with tho control. 
Even with extreme treatment when 25 ml of 33% hy¬ 
drogen peroxide was combined with 25 mi of prune juice, 
there was no change in color. It would appear, there¬ 
fore, that the bleaching of prune juice by auporvoltage 
cathode rays and the change in tho ultraviolet absorption 
spectrum aTc not aseribable to the peroxide alone. 

Those data strongly suggest that HMF Is destroyed 
when prune juice is irrndiated and, coincidentally, the 
color of the prune juice disappears. When the color of 
the irradiated juice partially returns upon standing, the 
ultraviolet absorption spectrum remains unchanged. 

A similar experiment was run on an apricot extract 
made from dried apricots that had browned on previous 



220 260 300 340 

WA/E LENGTH (n*U 


Pin. H, Effect of high voltage cathode rays on ultraviolet 
absorption spectrum of 0-(hydroxymethyl! furfural. 


storage. The results obtained with the apricot extract 
were similar to those noted with the prune juice. Upon 
standing of the extract, there was no change in the ultra¬ 
violet absorption spectra (Fig. 2), but there was a 
partial return of the color (Table 2). 

Pure solutions of furfural, furfuryl alcohol, and furoic 
acid were irradiated by cathode rays, in an attempt to 
determine the chemical changes taking place when 
browned fruit extracts are irradiated by high voltage 
cathode ruys, and also to determine whether other mem¬ 
bers of the furan series of compounds might be involved, 
A pure solution of HMF* was also irradiated by cathode 
rays, and the ultraviolet absorption spectra of this solu¬ 
tion are presented in Fig. 3. Solutions of glucose, fruc¬ 
tose, and sucrose—0.5%, 0.5%, and 3.0%, respectively— 
in N/l. sulfuric acid, boiled for 4 min, wore irradiated 
also by cathode rays. 

To facilitate the comparison of the absorption spectra 
obtained for the chemicals mentioned, their structural 
formulas are given below. 


COOH 

I 

HC CH 

CH, 

| 

H 


OH, 

| 

HO—O-C i 

- 0=0 

0=0 

1 \ / 

H 

in. 

Levulinic 

11 0 

5 (Hydroxy methyl) Furfural 

Acid 

IT—C- €—11 

H—< C— 0=0 

H 0 ( 

h— 1 ! 

?f —H 

CH a OH 

\ / I 

\ / 


O H 

0 


Furfural 

Furfuryl Alcohol 


If—C— 

-C—H 

H—t! 

c—coon 


\ / 


o 


Furoic Acid 


lu the case of the homologues of HMF, namely, furoic 
acid, furfuryl alcohol, and furfural, there was no shift 
in absorption maximum upon irradiation. In all three 
cases, only an increasing loss in extinction occurred. In 
tbo case of HMF, there was a progressive loss of the 
peak at 285 .mp with lower dosages of Tadiation and the 
gradual formation of a new peak at 205 mp. The acld- 
treated sugar solutions reacted to irradiation exactly like 
the HMF, showing a loss of peak at 285 nip and the for¬ 
mation of a new poak at 265 mp upon greater dosages 
of radiation. * This peak at 265 mp coincides with that 
of levulinic acid {4). 

i Tbs authors are grateful to Dr. Gordon Mncklnney, Food 
Technology Division, University of California, for generously 
supplying them with the HMF synthesized by him. 
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These data suggest that HMF in pure solution may be, 
at least in part; converted by high voltage cathode rays 
into a compound or compounds having an absorption max¬ 
imum at 265 m|i, one of which may bo levulinic acid, 
The formation of the resulting compound or compounds 
does not proceed from the other three homologues of 
I1MF when they are irradiated. A similar shift in ab 
sorption maximum was noted when browned dried fruit 
extracts were irradiated by high voltage cathode rays. 

Levulinic acid lias an extinction coefficient one thou¬ 
sandth that of HMF. If the compound absorbing at 
2fl5 rap, wore solely levulinic ucidj it would appear from 
these data that, there was not sufficient HMF present to 
account for nil the levulinic acid and that some of the 
levulinic acid must have been formed by the action of 
cathode rays from other compounds in the solution. 

Although HMF may be associated with the brown color 
in dried fruits, it is reasonable to assume thnt, upon ir¬ 
radiation, it is converted irreversibly into a compound 
that absorbs maximally at 265 mp, probably levulinic 
acid. Yet upon standing, most of the color returns. This 
confirms previous suggestions (5) that other ns yet un¬ 
identified compounds may shore the responsibility for the 
nonenzymotic browning of dried fruits. 

Further experiments UBing supervoltngc cathode rays as 
a tool for the investigation of chemical changes in foods 
are currently in progress. 
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Pyrolysis of Diphenyl Disulphide and the 
Formation of Free Radicals containing 
Univalent Sulphur 

A. Sc h bn berg, Ahmed Mtucafi and Wafia Askar 

Department of Chemistry, Faculty of Science, 

University Found l, Cairo 


obtained which had the properties of thiophenol and 
yielded its benzoyl derivative (1.95 g) when treated with 
benzoyl chloride in the presence of alkali. The contents 
of the reaction vessel solidified and after recrystalliza- 
tion, diphenylene disulphide (thianthrene—III) was ob¬ 
tained. The thermal decomposition of diphenyl disul¬ 
phide follows the same principle (disproportionation) as 
that which 1 b operative in the case of tetraphenyl hydra¬ 
zine (J) (IV) leading to the formation of diphenyl 
amine (VI) and diphenyl dihydrophenuzine (VIT), 

This analogy is a further indication that diphenyl 
disulphide forms free radicals nt high temperature (II) 
as do the tetraarylhydrjizines (cf. V). 


2C„H n - S - 8 ■ CJI B hunt 4CJJ.H - - * 
1 II 


2C fl H R HII i 


2 



2(C„H b ) 3 N N(CUI E ) a heat 
TV 

4 (C a II fi ) a N ■ • • ■ B(C.H b ),NH + 
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Nicotinic Acid as a Growth Factor 
for Certain Orchid Embryos 

Rickard B. Rahme 

Department of Botany, University of California p Berkeley 


Contrary to views previously accepted (I), it has been 
pointed out by Schiinberg (S) that diphenyl disulphide 
(I) and related substances arc capable of forming frfcc 
urylthial radicals in hot solutions (cf. 1 — 2 II). The 
cracking of diphenyl disulphide has now been investi¬ 
gated and carHed out In the absence of a solvent and 
of oxygen in such a way that the reaction products of 
lower boiling point were allowed to distill off during the 
thermal decomposition (288* bath temperature; six hr). 
From diphenyl disulphide (5.5 g) an oily distillate was 


The problem of possible symbiotic relationships be¬ 
tween orchids and their naturally occurring mycorrhizal 
symbionts has been under dispute ever since Knudson 
(6) cultured orchid embryos on an aseptic agar, inorganic 
salt, and sucrose medium in the absence of any fungus. 
However, Knudson (7) agreed with Bernard (£) and 
Burgeff (J) that orchid embryos attained better develop¬ 
ment when cultured with the mycorrhiao. Yet since this 
association was not absolutely essential, he believed sym¬ 
biosis was doubtful. 
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Later Burgeff (4) claimed that Cattleya embryos were 
more autotrophic than Vanda. He showed that the em¬ 
bryos of Vanda developed poorly in the absence of Ehi- 
eoctonia mucoroides, their specific symbiont, although in 
its presence they germinated and grew well. An extract 
of the dead fungus was just as successful in promoting 
growth, and the active principle formed for the seedling 
by the fungus was a growth factor resembling bios II. 


The contrast in Table 1 represents tbe average of ilve 
replications. The length of each seedling was measured 
from tip of root to tip of shoot. The difference of 13-40 
mm growth with addition of organic nutrients in the gen¬ 
era used shows the deficiency of one or more factors for 
optimum development. 

The next experiment was designed to emphasize the ef¬ 
fect of the individual vitamins employed. The same tech- 


TABLE 1 

lflFFMCT OF OH0ANIC Hi 1 IM*L»MBNTS * TO NUTRIENT SOMTTION ON UWKLOl'MKNT OK ORCHID BmBKYOH 


OenuH 


Site after 12 numtliH 
mm 


Final pH of media 


(Jim troll Treated Control Treated 

Bran nocat tley a hybrid . . 1.0- J.!5 15.0-20.0 0.2 fl.l 

Cattleya hybrid .. 2.0-10.0 25.0-32.0 5.0 4.0 

Vanda Miss Joaquim . 10.0-20,0 35 0 50.0 4,5 3,7 


• Concentration of growth facto™ are those found tlsfuctory for Datura hy Van Overbeek et al . (10), and are As 
follows In ing/1 : cnlcluin pantothenate, 0.5; adenine, 0.2 ; succinic acid, 25.0; glycine, 3.0; pyrldoxlne hydrochloride, 0.2; 
thiamin hydrochloride, 0.15: Haparaplne, 3.0; ascorbic acid, 20.0; nicotinic acid, 1,0. Mixture has pH 3.2. 

t Basic medium; ArnonV (11 2-fmIt solution with micro nutrients ndded ; 1.5% agar, 2% sucrose, adjusted to a Ptt 
of 5.0 after autoclaving. All culturen incubated In diffuse sunlight at 28 a C. Final pH Indicates effect oT absorption and 
growth of I he embryos on the reaction of (lie media. 


The mycorrhizul fungus has been shown by Scliopfer ( 9 ) 
to be autotrophic for all essential growth substances ex¬ 
cept carbohydrates. Stimulation of orchid embryo 
growth with extracts of soods, leaves, roots, and yeast 
was determined by Schaffstein (£). He also found that 
estrone, biotin, thiamine, riboflavin, vitamin A, and vita¬ 
min D would not replace the plant extracts. 

The inference from the foregoing that orchid embryos 
and seedlings obtain part of their essential organic nu¬ 
trients from the mycorrhizal fungus with which they are 
associated in nature, prompted an investigation of the 
growth factor requirement* of orchid embryos. 

In an initial series of experiments a basic medium com¬ 
posed of inorganic salt (i), sucrose, and agar was em- 


TARLE 2 

Growth of Fanrfa HHuuyob Cultured 20 weeks 


Treatment* 

Average total 
length f 
mm 

Final pH of 
media 

Control—baalc medium 

10.0-15.0 

5.2 

Nicotinic add 

20.0-50.0 

8.8 

1 mg/I added 




■ 1 " —- T- ---— 

■ Basic medium and environmental conditions the same as 
In TAble 1. 


f Typical of five replicates, 200-300 plants each, 

ployed as a control, to which was added a solution con* 
taining certain growth factors found optimum for the 
development of very young Datura embryos by Tan Over¬ 
beek et al. (10). On these media! undifferentiated orchid 
embryos approximately 0.45 mm long by 0.1 mm wide 
were cultured. The increased growth response of the 
seedlings in the cultures treated with the growth factor 
supplement! as compared with the controls Is shown in 
Table 1. 


nique and concentrations were used as ill the first ex¬ 
periment. Vitamins B flt C, calcium pantothenate, and 
nicotinic acid were added singly to cultures containing 
the previously described basic medium. Riboflavin was 
also included in this series at 0.2 mg/1. Preliminary re¬ 
sults, obtained from culturing embryos of the genus 
Vanda Miss Joaquim with various vitamin treatments for 
26 weeks, indicate that the Vanda embryo suffers from a 
lack of nicotinic acid (Table 2). The possible beneficial 
effects of pantothenate, riboflavin, pyridoxine, ascorbic 
acid, and thiamine are questionable. 

The stimulation of orchid embryo growth with the ad¬ 
dition of nicotinic acid, as shown in Table 2, and the 
similar activation by the mycorrhizal fungus, suggest 
one of the possible symbiotic functions of the fungal or¬ 
ganism, especially since Schopfcr (9) and Burgeff (5) 
have shown that it is autotrophic for nicotinic acid. 

Investigations under way suggest that the very low 
respiratory rate for orchid embryos (as contrasted with 
barley embryos), is not increased by additions of nico¬ 
tinic acid. Detailed data concerning these experiments 
will be presented later. 
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Comments and 
Communication s 

Traveling Waves in the Brain 1 

In an earlier paper (Goldman, B., Vivian, W. E., 
Chien, C. K., and Bowes, H. N„ Science , 1948, 108, 720) 
equipment for electronic mapping of the electrical po¬ 
tential at the surface of the skull has been described. In 
this paper it was stated that area displays of the instan¬ 
taneous skull potentials could not readily bo interpreted 
because of the speed of the activity. Subsequent work 
in cleaning up residual artifacts has clarified these pic¬ 
tures. The taking of motion pictures of the activity and 
their display at slow motion (by a 4: 1 ratio) has added 
further information, so that it is now possible to give a 
first report of the results. 

In tho obsorved area displays, there is some activity of 
rise and fall in potentials, which apparently occurs at 
irregular times at isolated electrodes. Less frequently 
tho activity of a large part of one of the hemispheres of 
the brain seems correlated. The most striking activity, 
however, is that of traveling waves across tho skull. 
Home traveling waves cross the entire skull, often cross¬ 
ing the central Assure. If all sixteen electrodes are placed 
above the general outline of a single occipital or temporal 
lobe of the braiii, it may be seen that there are traveling 
waves within tho single lobe. In a single lo!>e the travel¬ 
ing waves often show a rotational (nr circular) path 
which has never been noticed in the case of waves cross¬ 
ing larger areas of the brain. Within the same lobe 
there are successively clockwise and counterclockwise ro¬ 
tations, interspersed with straight motions at various 
angles. The frequency of rotation of the rotatory motion 
is approximately 9 per sec. 

The traveling wave phenomena are much more pro¬ 
nounced when the eyes are closed than when they are 
open. It was therefore thought at first that the single 
lobe effects, such as rotational motion, might be charac¬ 
teristic only of the occipital lobes, where they were first 
observed. This, liowevnr, turned out not to be true, since 
the same type of single lobe phenomena, including rota¬ 
tional motion (but of reduced voltage), occurs also in the 
temporal lobes. Surprisingly enough, the traveling wave 
activity in the temporal lobes also becomes much more 
pronounced when the eyes are closed. This would appear 
to indicate that when the eyes are closed in a wide-awake 
individual (holding the hands in front of the open eyes 
to keep out light has the same effect as dosing the eyes),, 
the entire brain changes its type of activity, becoming 
more active internally. If tho individual becomes drowsy, 
the amplitude of the traveling wave activity is greatly 
decreased. No characteristic individual activity was ob¬ 
servable in the frontal lobes. 

1 This research has been supported In part hy the Signal 
Corps, the Air Materiel Command, and the Office of Naval 
Research. 


Tests were made with visual and auditory stimuli to 
see whether they gave rise to traveling waves. In the 
case of an auditory stimulus, an effect could be observed 
in the pattern, but it was stationary and localized. No 
effect whatever could be observed in the pattern when a 
visual stimulus was brought into the field of vision. This 
wag undoubtedly due in part to the crudeness of the test. 

The major part, at least, of the traveling waves may 
be identified with the alpha rhythm. This is indicated 
by their frequency and their variation of intensity with 
time, and wjth opening and closing of the eyes. Tho 
suggestion, often made, that the alpha rhythm represents 
a scanning operation in the brain appears, as a gross in¬ 
terpretation, to he borne out by the observed pictures. 
This is particularly true for the single lobe pictures, as 
might be expected. We have, however, no experimental 
information us to the physiological nature of this opera¬ 
tion, nor do we yet really know that the fundamental 
nature of these traveling waves is that of a scanning 
process. 

Stanford Goldman, William F. Rantelmann, Jr., 
Weston E. Vivian, nnd Douglas Goldman 
Research Laboratory of Electronics, 

Massachusetts Institute of Technology , nnd 
Longview Hospital, Cincinnati 

Louisiana Oyster Production 

In a recent article (Science, 1948, 108, 484) the writer 
made the following points: the Fish and Wildlife Service 
has not collected annual fishery statistics on tlie Oulf 
Coast every yenr due to lack of funds; the federal oyster 
statistics prior to 1930 are about 35% exaggerated when 
given in pounds; state and federal statistics show no 
evidence of decline in Louisiana oyster production; oyster 
production of other Gulf states combined has declined 
78% since the 1920'g; and the misgivings expressed by 
Walter A. Chipman, Jr. (Oyster Institute of North 
America Trade Report No. 91, June, 1948; mimeo¬ 
graphed) over the threatened 11 existence of 'tho large 
oyster industry of that state 1 ’ (Louisiana) were un¬ 
founded. 

In a rather curious reply, which avoids mention of the 
points I made, Chipman ( Science, 1949, 109, 210) says, 
"Even though the total production remains stable or 
actually increases, it must bo realized that this situation 
results from expansion of the industry through use of 
undeveloped grounds, of which Louisiana has an abun¬ 
dance, and of bettor utilization of producing grounds. 
It does not negate the fact that a continuing unex¬ 
plained mortality may prevent the production from reach¬ 
ing oven higher levels. Furthermore, once the expansion 
is completed, this mortality may then result in decline 
as the adverse factors causing this mortality continue 
nnd spread to other areas. This latter possibility lias 
been in the minds of Louisiana oyster conservationists 
for some time. Because they arc progressive and look 
into the future, they have good reason for alarm." 

This contradicts none of the facts I previously pre¬ 
sented. Alarm over the failure of the Louisiana oyster 
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Industry to increase is Interesting, but not contradictory 
to the statement that it has not declined in total pro¬ 
duction. The fact that an industry does not Increase its 
production can scarcely be advanced as evidence of its 
endangered existence. If Louisiana oyatermen are mak¬ 
ing better utilization of producing grounds and expand¬ 
ing onto abundant undeveloped grounds, as Dr. Chipman 
states, then it would seem that fears for the future are 
needless. Since he has this view, objections to my less 
sanguine statement that there is no evidence of produc¬ 
tion decline are inconsistent and contradictory. 

It is quite true, as Chipinan points out, that serious 
mortalities have occurred from time to time. Mortalities 
of oysters and other animals, catastrophic and otherwise, 
are well known phenomena on the Gulf Coast and such 
information has been published 45 years and more, but 
it is an exaggeration to say that mortality "threatens the 
very existence" of Louisiana’s oyster industry. There 
is no evidence of decline in production of the Louisiana 
oyster industry. Unfortunately, however, the condition 
of the oyster industry in Texas is more serious, and Chip- 
man’s fears would be more appropriate there. In 1004 
Texas produced 190,000 barrels of oysters. In the fiscal 
year 1B47-48 only 23,000 barrels were produced, a decline 
of 88%, which has not yet been stemmed. Louisiana is 
the only Gulf state in which oyster production has not 
declined. 

Gordon Gunter 

Scrippa Institution of Oceanography, 

University of California, La Jolla 

Thiamin or Thiamine? 

Periodically I am asked whether vitamin B, should be 
referred to as "thiamin" or "thiamine." The follow¬ 
ing history may be of interest to Borne readers. 

I suggested "thiamin" in 1037 in response to a re¬ 
quest from the Council on Pharmacy and Chemistry of 
the American Medical Association. This was adopted 
(see J. Amer. med. Ass. 1937, 100, 952). The name so 
appeared in this journal and in other publications of the 
AM A for two or three years, including the 1940 edition 
of "New and Non-Official Remedies." 

Under date of July 3, 1939, E. Fullerton Cook, chair¬ 
man of the Committee of Revision of the Pharmacopoeia 
of the United States, wrote me a letter which included 
the following paragraph; 

You may wonder why,.the Pharmacopoeia has suggested 
the use of this title, when “Thiamin Chloride" hud already 
been widely used. The Phnrihacopoelal group recognised 
that Thiamine Hydrochloride had. essentially, the character- 
IstloH of an alkaloid, and the use of the final “e” and “Hy¬ 
drochloride” rather than “chloride” when the hydrochloride 
radical Is attached, Is In strict accordance with our rules for 
nomenclature. Of courae we would add “Thiamin Chloride" 
as a synonym, at Dr. Nelson’s suggestion. 

The spelling "thiamine" was adopted for the second 
U. 8. Pharmacopoeia XI Supplement and has since been 
accepted by Chemical Abstracts, Journal of Biological 
Chemistry, Journal of the American Medical Association 
(including the 1948 edition of "New and Non-Official 
Remedies"), and other publications. 


1 * Thiamine' ’ must now be accepted as the approved 
spelling. 

R, R. Williams 

Research Corporation 
New York City 

Freezing Laboratory Materials for Plant Science 

The routine practices of drying plant materials for 
taxonomic and morphological studies, or preserving them 
in various chemical solutions, have many disadvantages. 
Neither method is adequate for color preservation. The 
formaldehyde vapor method, which preserves well, has a 
disadvantage in that some people are sensitive to for¬ 
maldehyde. When an early froBt line threatened In the 
fall of 1947 I collected flowers, packaged them in lined 
paper bags of the type sold for food processing, and 
placed them in a commercial deep freeze locker. This 
procedure proved so successful that I made extensive 
collections the following summer. By merely packaging 
specimens while they are fresh, and transferring them to 
the deep freeze, one can readily provide a wide range of 
material for subsequent classroom noeds. 

Borne flowers and plant materials lend themselves more 
successfully than others to this treatment but oven the 
most delicate, such as Impatiens pallida Nutt., reLaiii 
enough color and form to be useful for the duration of 
a two-hour laboratory period. Even if the color alters 
upon prolonged exposure to room temperature, the ftmn 
of the flower remains intact. Keeping such material 
covered in culture chambers until it is needed helps main¬ 
tain the natural form. Other plants emerge in a remark¬ 
ably fresh condition, with scarcely any alteration, even 
after several hours. Some of the flowers which have given 
especially good results are: Phleum pratense L. and other 
species of grass, Eriocaulon septangulare L., Phytolacca 
decandra L. f Polygonum pennsylvanicum L., Chenopodium 
album L., Potentilla frutirosa L., Cassia marilandica L., 
Samburus canadensis L., Plantago major L. and P. lan- 
ceolata L., Ligustrum vulgare L., Asolepias syriaca L., 
Ciethro alnifolia L., Kalmia latifolla L. and cultivatod 
species of Asalea and Rhododendron , Euonymus japonioa 
L., Dau&us carota L., Tilia nmericana L., Aohillea mille¬ 
folium L. and other species of Compositae. 

Other plant materials that have been particularly use¬ 
ful for subsequent studies during the year include the 
hips of Rosa rugosa Thunb. These have been success¬ 
fully used for lycopene extraction, structural studies of 
the ehromoplasts, and for vitamin 0 analysis using the 
method recommended by Tuba et al . (Tuba, Juler, 
Hunter, CL, and Osborne, J. A., Canad. J . Res., 1946, 
24, 182). Even after many months of storage, an ex¬ 
cellent reaction for ascorbic acid granules In tho cells 
may be obtained. 

The freezing method seems to offer a valuable means 
for having available a wide range of seasonal materials 
at all times. 

Gladys E. Baker 

Plant Science Department , 

Vaesar College 
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NEWS 
and Notes 

Gerd Enequist, specialist in geo- 
cultural and geo-economic science, 
has been named professor of geog¬ 
raphy at Upsala University, Sweden. 
Dr. Enequist is the first woman ever 
appointed to the faculty of the 500- 
year-old university. 

William B. Wartman, chairman 
of the Department of Pathology, 
Northwestern University Medical 
School, will deliver the 25th Ludvig 
Hektoen Lecture of the Frank Bil¬ 
lings Foundation, Institute of Medi 
cine, Chicago, at the Palmer House, 
on the evening of May 27. His sub¬ 
ject will be " Bleeding into the 
Arterial Wall: Its Relation to Vas¬ 
cular Disease," 

Carl C. Chambers, professor of 
electrical engineering, haB been 
named acting dean of the University 
of Pennsylvania's Moore School of 
Electrical Engineering. He will re¬ 
place Harold Pender, who is retiring 
July 1, after holding the deanship 
since 1923. 

James C. Stewart, project en¬ 
gineer for the Oak Ridge National 
Laboratory, has been appointed man¬ 
ager of the Schenectady area office of 
the U. S. Atomic Energy Commis- 
aion; he will replace Leonard E. 
Johnston. 

Wilbur H. Duncan, field botanist 
at the University of Georgia, will 
deliver a lecture entitled "The Field 
is My Laboratory" at the annual 
Sigma Zi Initiation Banquet at the 
University of Georgia on May 25. 

Roy S. Glaigow, chairman of the 
Department of Electrical Engineer¬ 
ing at Waahington University, St. 
Louis, will become civilian head of 
the Naval Postgraduate School at 
Annapolis, on July 1. He will suc¬ 
ceed Ford L. Wilkinson, who re¬ 
signed last December to become presi¬ 
dent of Rose Polytechnic Institute, 
Terre Haute, Indiana. 


Donald Paul Costello, chairman 
of the Department of Zoology at the 
University of North Carolina, has 
been, appointed Kenan Professor of 
Zoology. 

Elwood C. Zimmerman, associate 
entomologist at the Experiment Sta¬ 
tion of the Hawaiian Sugar Planters 1 
Association and curator of entomol- 
ogy, Bishop Museum, left Honolulu 
on May 8 for the British Museum of 
Natural History, Dr. Zimmerman 
will spend a year continuing work 
on his series of volumes Insects of 
Hawaii, The first five volumes of the 
monograph were issued in 1943. 

Henry Mann, former professor of 
mathematics at Ohio State Univer¬ 
sity, has been appointed to the staff 
of the Applied Mathematics Lab¬ 
oratories of the National Bureau 
of Standards. He will head a proj¬ 
ect to develop n theory of sto¬ 
chastic (random) processes capable 
of utilizing modern principles and 
techniques of statistical inference. 

Grants and Awards 

Walter Davis Lambert, recently 
retired chief of the Section of 
Gravity and Astronomy, U. S. Coast 
and Geodetic Survoy, has been 
awarded the William Bowie Medal 
for his leadership in the study of 
earth sciences. He became the 11th 
recipient of the award, presented an¬ 
nually by the American Geophysical 
Union. 

Kenneth L. Brown, E. Paul 
Budewitz, and Earl E. Myers have 
been appointed to Bherwin-Williams 
Graduate Fellowships in Organic 
Chemistry at Western Reserve Uni¬ 
versity for the academic year 1940- 
50. 

Austin M. Patterson, former vice 
president of Antioch College, has 
been granted a new award in the 
Documentation of Chemistry by the 
Dayton Section of the American 
Chemical Society, 

O. R. Quayle, professor of chem¬ 
istry at Emory University, has been 
awarded the Herty Medal given an¬ 
nually by the Chemistry Club of the 
Georgia State College for Women 


for outstanding service in the field 
of chemistry. 

The Department of Agriculture 
presented its 1949 honor awards at 
its annual ceremony, held May 16 In 
Washington, D. C. The five re¬ 
cipients of the Distinguished Service 
Awards are: Elmer W. Brandes, 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Beltsville, 
Maryland, for leadership in the de¬ 
velopment and administration of re¬ 
search programs for sugar cane, 
sugar beets, and rubber, and for 
fundamental research on the cause 
and control of BUgar cane mosaic; 
Charles A. Cary, Bureau of Dairy 
Industry, Beltsville, Maryland, for 
contributions to the knowledge of 
the composition and nutritional prop¬ 
erties of milk, including the dis¬ 
covery of the presence of the B-12 
vitamin; Edgar S. McFadden, 
Bureau of Plant Industry, Soils, and 
Agricultural Engineering, College 
Station, Texas, for his contribution 
to agriculture through the develop¬ 
ment of Hope wheat, the original 
rust-resistant variety and the source 
of resistance for other varieties; 
Leslie J. Sullivan, Forest Service, 
Olympia, Washington, for heroism 
beyond the call of duty which re¬ 
sulted in saving the life of a co¬ 
worker; and Claude R. Wickard, 
Rural Electrification Administration, 
Washington, D. C., for his contribu¬ 
tion to the enrichment of rural life 
through his advocacy of scientific 
farming. 

Colleges and Universities 

A gift of $1,000,000 to establish 
an Institute of Microbiology has 
been given to Rutgers University 
by Solman A. Waksman, Rutgers 
alumnus, and faculty member for 
over 25 years. Dr. Waksman, who 
discovered streptomycin, has assigned 
his patent to the Rutgers Research 
and Endowment Foundation. Royal¬ 
ties will he used to build and operate 
the new Institute and Dr. Waksman 
will be its first director. 

The Hebrew University-Hadas- 
sah Medical School, was opened May 
17 in Jerusalem, its temporary quar¬ 
ters. The permanent medical school 
buildings will be a part of Univer- 
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sity City on Mt. Scopus and nearly 
$4,000,000 of the $5,500,000 needed 
for their completion has been raised. 
The first class will be comprised of 
50 students, selected from 200 can¬ 
didates whose previous medical 
training had been interrupted by 
military service. By 1051 classes 
will receive the full six-year in¬ 
struction course. Graduates will re¬ 
ceive M.D. degrees. Members of the 
medical faculty include B. Zondek, 
gynecology; A. Feigenbaum, ophthal¬ 
mology; 8. E. Franco, pathological 
anatomy; Saul Adler, parasitology; 
and L, Olitzki, bacteriology. One of 
the first visiting professors from the 
U. 8. will be Samuel Standard, asso¬ 
ciate professor of clinical surgery, 
Now York University College of 
Medicine—Bellevue Medical Center, 
who will inaugurate surgical instruc¬ 
tion at the school. 

The University of North Caro¬ 
lina opened its new Morehcad Buil¬ 
ding and Planetarium at Chapel Hill 
on May 10. The $3,000,000 building, 
a gift of John Motley Morehead, 
houses the Zeiss planetarium instru¬ 
ment with its 250 projectors, as well 
as exhibits in astronomy and allied 
sciences, and a permanent collection 
of famous paintings. Boy Kenneth 
Marshall, former director of the Fels 
Planetarium in Philadelphia, has 
been appointed director. 

Meetings and Elections 

AAPA meeting in Philadelphia. 
The 18 th annual session of the 
American Association of Physical 
Anthropologists was held April Il¬ 
ls in Philadelphia, at the Wistar 
Institute of Anatomy and Biology. 

Somatotype distributions (types 
of body build) found within a 
Japanese population wdra presented, 
and the usefulness of such distribu¬ 
tions in racial taxonomy was re¬ 
affirmed. Results of a study con¬ 
firming Sheldon's posture-physique 
relationships were discussed, and a 
possible physique-metabolism-disease 
Interrelationship in coronary ar¬ 
tery disease was reported. 

Researches in anthropomorpho- 
metrlo problems have determined 
the measurements most diagnostic 
for aomatotyping and, a new tech¬ 


nique, stereophotography, have de¬ 
veloped as a solution to the problem 
of standardizing morphological ob¬ 
servations. Several newly designed 
anthropometric instruments were 
demonstrated 

Papers in racial prehistory in¬ 
cluded the presentation of new data 
confirming Hrdlioka 'a scheme of 
population succession In the Aleu¬ 
tian Islands. Reexamination of the 
Galley Hill site and of the original 
finds have shed new light on the 
long-disputed antiquity of Galley 
Hill Man; now evidence suggests 
that the finds are Holocene in date. 
The SwanBCombe site has also been 
reexamined and the antiquity of 
Swanscomb Man reaffirmed. 

On Wednesday and Thursday, the 
AAPA held a joint meeting with 
the American Association of Anato¬ 
mists at Temple University. The 
Wednesday papers were of general 
interest; topics covered were re¬ 
search in growth, problems in hu¬ 
man evolution, and the significance 
of the various blood grouping fac¬ 
tors in defining the varieties of man¬ 
kind. On Thursday, a symposium 
organized by F. Gaynor Evans was 
held on human anatomy and biome¬ 
chanics. 

The annual banquet was held 
Tuesday evening. Guests included 
Paul Fejos, director of The Viking 
Fund, Inc., and Adolph Schultz, 
the 1948 recipient of the Annual 
Viking Fund Medal and Prize in 
Physical Anthropology. On behalf 
of the association, Dr. Stewart ex¬ 
pressed gratitude to Dr. Fejos for 
the support and encouragement the 
Viking Fund has given to research 
in physical anthropology. S. L. 
Washburn was the speaker of Hie 
evening. In his paper, “Three 
Stages in Human Evolution/ 1 he 
dUfeussed the differential rates of 
evolution manifested by the several 
regions of the primate body* He 
suggested three areas—trunk and 
upper limbs, lower limbs, skull and 
brain—as constituting three different 
unit-areas of change, and as repre¬ 
senting three stages of evolutionary 
change. 

At the business meeting of the 
session T. D. Stewart was elected 
president, succeeding W. M. Krog- 


man; L. Angel and J. Bird sell were 
elected to the executive committee; 
and S. L. Washburn was appointed 
an associate editor of the Journal. 

Ruth A. Marzano 

Hunter College 

At the meeting of the Eastern 
Psychological Association held 
April 8 and 9, at the Hotel Kim¬ 
ball in Springfield, Massachusetts, 
the following officers were elected: 
president, 1949-50, Hadley Cantril, 
Department of Psychology, Prince¬ 
ton University; directors, 1049-50, 
Richard S. Crutchfield, Department 
of Psychology, Swarthmore College, 
to complete the term of a resigned 
member; 1949-52, Carl I. Hovland, 
Department of Psychology, Yale 
University, and Francis W. Irwin, 
Department of Psychology, Univer¬ 
sity of Pennsylvania; secretary, 
1949-52, Charles N. Cofer, Depart¬ 
ment of Psychology, University of 
Maryland. 

The Association of Geology 
Teachers elected the following offi¬ 
cers at its annual meeting at the 
University of Chicago, April 22-23; 
president, C. L. Bieber, De Pauw 
University; vice president, Paul R. 
Shaffer, University of Illinois; sec¬ 
retary-treasurer, Katherine F. Gren 
cen, Milwaukee-Downer College; and 
editor, Percival Robertson, Prin- 
cipia College. 

The election list of the National 
Academy of Sciences, published in 
Science last week, should have in¬ 
cluded a seventh foreign associate, 
Hideki Yukawa, of the Institute for 
Advanced Study. 

The American Institute of Nu¬ 
trition, at the Detroit meeting of the 
Federation of American Societies 
for Experimental Biology, April 
18-22, elected the following officers: 
president, C. G. King, scientific di¬ 
rector, Nutrition Foundation, Inc.; 
vice president, W. H. Griffith, pro¬ 
fessor of biochemistry and nutrition, 
University of Texas Medical School; 
secretary, J. H. Roe, professor of 
biochemistry, George ■ Washington 
University Medical School; treas¬ 
urer, N. R. Ellis, assistant chief, 
Animal Husbandry Division, United 




528 


SCIENCE 


May 20, 1949, Vol. 109 


States Department of Agriculture; 
and councilor, Arthur H. Smith, 
professor of physiological chemis¬ 
try, Wayne University College of 
Medicine, 

Industrial Laboratories 

Sharp and Dohme, Inc,, of Phila¬ 
delphia., will begin construction of 
its $4/000,000 Medical Research 
Laboratories at West Point, Penn¬ 
sylvania thiB fall. The laboratories, 
which are expected to be ready for 
occupancy early in 1951, will house 
research departments in organic 
chemistry, pharmaceutical chemis¬ 
try, biochemistry, immunochemistry, 
pharmacology, bacteriology, nutri¬ 
tion, virology, and antibiotics. Space 
has also been provided for a proposed 
department of biophysics to be or¬ 
ganized next year, 

The Elliott Company, of Jean¬ 
nette, Pennsylvania, manufacturer 
of power plant equipment, has de¬ 
veloped a new process for the manu¬ 
facture of tonnage oxygen, as re¬ 
ported by Irving Roberta of the 
company's Research and Develop¬ 
ment Brunch, at the American In¬ 
stitute of Chemical Engineers J Tulsa 
meeting last week. The process 
consists of partially drying the air 


at a pressure slightly above atmos¬ 
pheric, then removing the moisture, 
carbon dioxide, and acetylene in a 
heat exchanger which simultaneously 
cools the air to 318° below zero. 
The air is then fed to a fractiona¬ 
tion column from which the oxygen 
is withdrawn as a gas from the 
bottom, and nitrogen 1 b withdrawn 
as a gas at the top. The advan¬ 
tages over former processes lie in 
eliminating the explosion hazard 
and the necessity for periodic shut¬ 
downs to thaw out the plant. 


Shipments from the Arnhem 
Land Expedition —400 birds, BOO 
marsupials, 10,000 fish, and sev¬ 
eral hundred anthropological speci¬ 
mens—arrived early this month at 
the Smithsonian Institution, where 
they are being cleaned and cata¬ 
logued. They were collected by a 
team of 15 American and Austra¬ 
lian scientists who explored the 
swamps, dense forests, and coast of 
the Australian hinteTl&nd from 
March to December last year, on 
an expedition sponsored jointly by 
the National Geographic Society, 
the Smithsonian Institution, and 
the Commonwealth of Australia (see 
Science , 107, 190;109, 182). Thir¬ 
teen thousand botanical specimens 


were left behind to be classified in 
Australia before final distribution. 

Ornithologists made the first rec¬ 
ord In Australia of a cattle egret 
or buff-necked heTon—a bird pre¬ 
viously found in Asia, Africa and 
South America; archaeologists ex¬ 
cavated early Malay sites (around 
the 15th and 16th centuries) ; and 
anthropologists made 250 palm- and 
finger-prints of the natives, for pos¬ 
sible genetic studies. The expedition 
made five miles of color film of the 
country, thousands of photographe 
of the natives, and wire recordings 
of their speech and ceremonial 
dances. 

Kulpija (see photographs) was 
bat boy for the expedition. One of 
the mure intelligent natives and an 
excellent worker and artist, he helped 
with the archaeological work and 
acted as guide and informant, speak¬ 
ing a pidgin English. Frank M. 
Setzlcr, Smithsonian curator of an¬ 
thropology, made facial masks of 
many natives, using a putty-like ma¬ 
terial that pulls loose easily from 
hairs on the face or head. Ho heated 
it in a double boiler over an open 
campfire, let it cool to a comfortable 
temperature, and smeared it over the 
native's face. When the mold hard¬ 
ened lie pulled jt off and poured in 
plaster of Paris, to make the cast. 

All members of the expedition, 
according to Dr. Setzler, wore on 
oven better terms after eight months 
of continuous tent life in the bush 
than they were when they set out— 
a fact that he feels has hopeful 
implications for international rela¬ 
tions. 


Laboratories — academic, gov¬ 
ernmental, or institutional — hav¬ 
ing new and outstanding 10-mm 
scientific motion pictures (with 
or without sound) may arrange 
showings of their films at the 
annual meeting of the AAA6, 
New York City, December 26-fll, 
by writing to: 

Science Theatre, AAAS, 

1515 Massachusetts Ave^ N. W. 

Washington 5, D. CL 



—Photos by Howell Walker, National Geographic Society 

UMBAKUMBA, GROOTE EYLANDT: On this remote Australian island, 
Anthropologist Frank M. Betzler makes a facial mask of Kulpija, one of the 
natives studied by the Arnhem Land Expedition. Masks like these will 
be used in making life-sized exhibition groups of Australian aborigines. 
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The Seventh Pacific Science Congress 

Knowles A. Ryerson 1 

University of California, Davis 


T he seventh pacific science con¬ 
gress convened in Auckland and Christ¬ 
church, New Zealand, February 2 to March 2, 
1949, marking a resumption of these important gath¬ 
erings after an interruption of ten years occasioned 
by the war. Two hundred twenty overseas delegates 
from 16 countries and their colonies and dependencies 
and a New Zealand registration of more than 400 
made up the attendance, 

The congress met in a world marked by the impact 
of war, a world shrunk by shortening communication 
and transportation lines. Its theme, drawn from the 
terrible destruction of human and material resources, 
and the compelling necessity to meet the increasing 
demands of an industrialized age, was conservation 
on an international scale. The human race is in 
eight of the end of many of its usable resources, and 
must take slock and plan their intelligent use for the 
benefit of all mankind. For the first time in these 
congresses, problems of food supply and world popu¬ 
lation received more than passing comment. The 
problems of the Pacific are those of the world. 

In 1039, when the Sixth Congress w^s held, wnr 
was just beginning in Europe. The mood of the Sev¬ 
enth Congress, meeting when the war was over but 
the peace wbb still far from settled, was vastly differ¬ 
ent. The necessity of cooperative teamwork by sci¬ 
entists of all nations, and recognition of their joint 
responsibility for building np a society in which men 
the world over might live in freedom, colored the 
many joint symposia. The world race against ig¬ 
norance, limited food resources, and increasing world 
population was stressed again and again. It was ex¬ 
pressed concretely in terms of the urgent necessity 
for intelligent use of seh and soil, for public health 
measures, and for extension of the social sciences. 

The Congress opened with a plenary session, at 
which reports were made by eleven standing commit¬ 
tees; Oceanography, Protection of Nature, Volcanol¬ 
ogy, Soil Survey and Classification, Mountain Struc¬ 
ture, Classification and Utilisation of Land, Forestry, 
Economic Entomology, Blood Groups, Seismology , 
and The Distribution of Terrestrial Faunas in the 

* Chairman, Pacific Sdenea Board, National Research 
Council, and hood of the U. 9. Delegation to the Seventh 
Pacific Science Congress. 


Inner Pacific. Following the plenary session nine di¬ 
visions initiated their several programs; Anthropol¬ 
ogy ; Botany; Geology, Volcanology and Geophysics; 
Meteorology; Oceanography; Public Health and Nu¬ 
trition; Social Science e; Soil Resources, Forestry and 
Agriculture; and Zoology . A special division on Or¬ 
ganization of Research was Bet up to consider and co¬ 
ordinate research proposals and projects recom¬ 
mended by each of the nine divisions. 

The interdependence of the different scientific dis¬ 
ciplines was emphasized by the sixty-odd symposia, 
and the many informal joint discussions on common 
problems. This interrelationship is well illustrated by 
the problems of mutual responsibility for dependent 
peoples in the Pacific area; anthropology, agriculture, 
public health and nutrition, and social sciences were 
all involved in considering satisfactory solutions to 
the problem of the island native in a rapidly chang¬ 
ing world. The importance of international weather 
services to agriculture, transportation (both surface 
and air) and general human welfare, and means for 
implementing such needed objectives formed an active 
area of discussion. 

The problem of insect pests and diseases Spread by 
the airplane—the great harm to agriculture and the 
even greater threat of human disease—brought to¬ 
gether specialists in entomology, botany, agriculture, 
public health, social sciences and anthropology. 

Organization of research to meet the challenge of a 
changing world received the serious consideration of 
every division and resulted in a aeries of strong rec¬ 
ommendations at the final plenary session for a con¬ 
crete program, outlining specific projects to be ini¬ 
tiated. 

It was recognized that any effective program pre¬ 
supposed a permanent secretariat organization to 
function between'sessions of the congress in aiding 
the standingf committees. Accordingly the council 
approved a change in the constitution of the Pacific 
Science Association providing for a minimum secre¬ 
tariat if and when funds permit and competent per¬ 
sonnel can be*secured. 

Trained personnel was also recognized mb a basic 
necessity in carrying out any research program. The 
exchange of qualified students and staff members, as a 
powerful aid in this direction, was a subject consid- 
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ered by several of the sections. The Fulbright pro¬ 
gram for the exchange of scholars was discussed in 
relation to those Pacific countries party to it. The 
officer attached to the U. S. Embassy and charged with 
Fulbright matters arrived in New Zealand during the 
congress and contributed much to the clarification of 
the program and its relation to Pacific research. 

The social implications of science and their appli¬ 
cation to a rapidly developing world were recognized 
in the devoting of an entire session of the division 
of social science to this subject. There was also a 
panel discussion of the topic by a group of delegates 
at an evening public meeting. Recognition of the 
social effects of scientific discovery served a>5 a com¬ 
mon uniting thread running through the sectional 
sessions. The basic relationship of science to human 
progress and civilization was a constantly recurring 
theme. 

More than 500 papers were presented during the 
congress. They covered n wide range, from the be¬ 
ginning discussion in anthropology on “The Native 
Reaction to an Invading Culture and Its Bearers” 
to the closing discussion in zoology, on “Factors In¬ 
fluencing the Fresh Water Development or Produc¬ 
tion of Salmon.” Pending publication of the full pro¬ 
ceedings, a few brief paragraphs may serve to sum¬ 
marize the deliberations of the several divisions. 

Anthropology, The discussions in the section cen¬ 
tered around the general topic of administration and 
welfare, including contemporary cultural changes 
among Pacific peoples. These considerations involved 
studies of the spread of peoples and cultures and in¬ 
cluded the problems of Indonesia and Australia. 
Much material was drawn from surveys made during 
and since the war in* the Japanese mandated terri¬ 
tory, and the coordinated Micronesian project carried 
out by the Pacific Science Board of the National Re¬ 
search Council. The presence of Sir Peter Buck at 
the Congress, and his active participation in the dis¬ 
cussions, added much to the vividness of the program. 

The problems of anthropology are inseparable from 
those of public health and nutrition, agriculture, and 
social science, as well as those of the specific science 
groups. Symposia in which the several sections par¬ 
ticipated were especially fruitful 'in clarifying the 
interrelated human problems facing government agen¬ 
cies responsible for governing dependent peoples. 

Among the studies recommended jointly by this sec¬ 
tion and that of Bocial sciences were ethnographical 
studies in those areas wherein detailed information is 
lacking. Pilot studies of the process of social and 
cultural change, and population studies and their re¬ 
lation to land, education, and economic future were 
especially urged. 


Botany. In the botanical program major emphasis 
was placed on morphology, taxonomy, and distribution 
of Pacific marine algae, including vertical distribution 
"With relation to the tidal factor. The industrial and 
agricultural utilization of marine algae also received 
considerable attention. Of outstanding interest was 
a joint program of botany and zoology considering 
protection of nature and conservation in the Pacific. 

Research in plnnt ecology and vegetation science 
aimed at solving problems of conservation of natural 
resources, of rare and scientifically interesting species, 
and of vegetation types, was strongly recommended. 
More botanical exploration was also urged, to fill in 
the gaps of the Pacific flora still imperfectly known. 

Geology, Volcanology, Geophysics. With the con¬ 
gress meeting in an area of peculiar geologic interest 
which could be drawn upon for much concrete illus¬ 
tration, a wide range of topics were considered. The 
mineral resources of the Pacific, the geological history 
of the Pacific basin, seismology emphasized through 
local demonstrations by an obliging nature, and ter¬ 
restrial magnetism were emphasized. There were a 
number of discussions on cosmic relationships, radio- 
physics, and the physics of the upper atmosphere, in¬ 
volving auroral studies and cosmic rays. Interest 
reached well out beyond the earth in the discussion of 
recent investigations of radiofrequency radiation from 
both sun and moon, radio echoes from meteors, and 
observations on galactic noise. The discussions on 
volcanology were highlighted by a convenient, full 
dress, violent eruption of the volcano Nguaruhoe dur¬ 
ing the field trip of the North Island. Among the im¬ 
portant recommendations from this section were those 
for additional seismologies! stations to be Bet up in 
the Pacific, to fill in gaps now handicapping uniform 
investigations. A bore hole 16,000 feet deep at Bikini 
was recommended to establish stratigraphical and pa¬ 
leontological sequences, to aid in the interpretation of 
geophysical records, and to furnish observations on 
temperature and related problems. 

Meteorology, The discussion of this section re¬ 
flected the marked developments of the war yean, es¬ 
pecially in the Pacific, in emphasizing the need for 
adequate reconnaissance forecasting of rainfall, hurri¬ 
canes, and typhoons. A strong recommendation for a 
more adequate network of meteorological stations in 
the Pacific was made. The importance of a complete 
upper air meteorological section from pole to pole 
(from the North Pole through Alaska, the Pacific 
Islands, and New Zealand to Antarctica) was stressed, 
in order that adequate data on the problem of general 
air circulation would be available. 

Oceanography. The oceanographic program pro* 
wdeA -tho'first opportunity to discuss the immense 
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amount of oceanographic data accumulated during the 
war. Particular attention was given to the develop¬ 
ment and application of the new instruments—of 
which the B a thy-Thermograph is an outstanding ex¬ 
ample—for speeding up oceanographic investigations, 
[t was pointed out that in spite of the great mass of 
data already available there are still immense areas 
of the ocean, especially outside the regular shipping 
lanes, that need to be explored. It was urged that 
these be investigated as Boon as possible, using the 
modem facilities and techniques now available. 

The sessions also heard reports on the activities and 
plans of marine laboratories in the Pacific, together 
with preliminary results of the Swedish Deep Sea Ex¬ 
pedition and plans for the Danish OceanogTaphic Ex 
pedition in the South Pacific. 

One of the very gratifying features of this congress 
was the emphasis placed on the interrelationship of 
physical and chemical oceanography with meteorology, 
geology, and fisheries. A number of joint sessions 
were held at which members of two or more sections 
pooled their specialized knowledge to the advantage 
of all. These were especially noteworthy in connec¬ 
tion with discussions on “The Harvest of the Sea,” 
the conservation of fisheries and whaleries, with all 
their national and international implications. 

Public Health and Nutrition. Because of their di¬ 
rect bearing on the welfare and the continued prog¬ 
ress of all the peoples of the Pacific, primitive and 
more advanced, the discussions of this section were 
especially significant. The war had provided new 
knowledge and experience in regard to a number of 
the important diseases—especially fllariasis, leprosy, 
leptospirosis, malaria, schistosomiasis, and related 
diseases. These diseases and the general problems of 
nutrition and dental caries received excellent and 
critical appraisal. As an outgrowth of these discus¬ 
sions an urgent recommendation wns made that a Pa¬ 
cific epidemiological center for the correlation of in¬ 
formation on diseases be established. Systematic food 
analyses of native foods, using modern techniques, 
were recommended, along with surveys of diet and 
food habits. Surveys of disease-carrying insects, 
fungi, and viruses were also recommended. 

The joint session with the sections on anthropology, 
agriculture, and the social sciences, in which health 
and nutrition problems of dependent peoples, the 
changing agriculture, and the special problems of 
mixed bloods and their relation to administration were 
all thoroughly considered, was among the most sig¬ 
nificant discussions of the entire congress. 

Social Sciences. As has already been indicated, 
much of the program of the social science section was 
carried out in conjunction with the sections on anthro' 


pology, agriculture and public health- These discus¬ 
sions centered around administration and welfare, 
and included consideration of contemporary culture 
changes of Pacific dependent peoples. The economic 
and power resources of the Pacific were reviewed 
in relationship to future developments of the area and 
their impact on dependent peoples. Wide variation 
in language and dialect has imposed special problems 
in education. Mobs media of communication among 
dependent Pacific peoples and their relation to educa¬ 
tion were the subject of an important group of dis¬ 
cussions in the section. 

The social implications of science, so much in the 
forefront of the world's thinking today, were pre¬ 
sented in a series of papers at a half-day session of 
this section. In addition a panel discussion, partici¬ 
pated in by five speakers representing different dis¬ 
ciplines, was presented ns one of the evening public 
programs. 

In cooperation with anthropology, this section 
strongly recommended the principle of team research 
in meeting the social, economic, and health problems 
of Pacific peoples, and indicated specific areas where 
these team research programs should be undertaken. 
A proposal for making such a coordinated attack in 
Samoa was recommended. 

Soil Resources and Agriculture. In these sessions 
there was extensive discussion leading to recommen¬ 
dations on methods and techniques for soil classi¬ 
fication and mapping, and their relation to land 
use. As a basis for planning economic develop¬ 
ment, an early estimate of soils in the Pacific usable 
for agricultural and forestry purposes was urged. 
Conservation of soil was to a large extent? included 
in the general discussion of conservation and the pro¬ 
tection of nature. Field trips emphasized the im¬ 
portance of conservation measures in relation to local 
agriculture. Special air and field reconnaissance 
studies were carried out by visiting scientists at the 
request of New Zealand officials, in order to make 
good use of the experience of Canadian and U. 8. 
specialists in this field. 

Under the general heading of “Improvement of 
Agricultural Production in the Pacific Area,” both 
livestock and field crop production were considered. 
The importance of introducing and maintaining high 
grade genetic stocks was a tressed, and the extensively 
developed pasture system of New Zealand, with its 
high productivity on a sustained basis, was especially 
studied frop both the animal and plant point of view. 
In addition to the special papers in this section, joint 
symposia with anthropology and social sciences and 
zoology also considered agricultural deevlopment, as 
has already been indicated. The urgent problem of 
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insect peat and disease surveys was given special con¬ 
sideration and execution of the surveys was urged at 
an early date in order to determine what potential 
hazards are present in unexplored islands. Plant dis¬ 
eases, especially virus infections, and insects and other 
vectors at work in the Pacific were examined. 

Forestry. Under the general heading of "Forestry 
Problems of the Pacific” a comprehensive series of 
papers outlined the complex picture of forestry in 
this area, especially in tropical latitudes. The appli¬ 
cation of tree selection was well exemplified in local 
New Zealand practice. C. 8. Larsen of Denmark, a 
world authority on tree breeding, and M. Maurice 
Leloup of France, director of the forestry subdivision 
of the Food nnd Agricultural Organization, added 
breadth and depth to the discussion. In the joint 
symposia on protection of nature, the vital place for¬ 
estry held was strongly emphasized. The need for 
preserving native species in stnnd areas before these 
species became extinct was strongly stressed. More 
fundamental research in the fields of ecology and 
plant physiology was urged, particularly studies re¬ 
lating to silviculture requirements and management 
practices. Field trips in the different New Zealand 
forest areas were used for graphic demonstrations of 
problems under discussion. New Zealand presents on 
excellent example of exotic trees' spreading and re¬ 
placing native species, largely podocarps, in timber 
production. Representatives of timber buyers, saw 
milling firms, timber growers’ associations, and forest 
tree seed producers also attended the conferences so 
that theoretical nnd practical considerations were 
blended in the program. 

Zoologtf* Because of the number of papers sub¬ 
mitted and the extent of the fields involved, this sec¬ 
tion divided into subdivisions on zoology and economic 
entomology. The discussions of the zoologists cen¬ 
tered about distribution, biogcographical provinces, 
whaling, and fisheries. The importance of fisheries in 
the economic life and food supply of Pacific peoples 
was thoroughly discussed in its many aspects. 

The entomologists concerned themselves primarily 
with means for preventing further dissemination of 
pests dangerous to the agriculture of the Pacific area. 
The high light of the conference was a symposium on 
biological control of weeds, probably the first ever 
held. Australia and New Zealand have pioneered this 
method of attack, and Hawaii and Fiji have also 
achieved valuable results. In California the biological 
control of St.-John's-wort (Hypericum perforatum, 
L.) is now developing in a most promising way. In¬ 
tensified surveys on insect pests and diseases of agri¬ 
cultural crops, designed to increase protection against 
their spread, were recommended. 


Much of the general discussion of the section was 
devoted to the problem of conservation and protection 
of nature, in cooperation with other sections of the 
congress. A sense of urgency was felt—time is run¬ 
ning out while vestiges of many island species of 
animal and plant life disappear. 

Organization of Research, The special division set 
up under the chairmanship of R. S. Allan, 2 for the 
study of the organization of research, brought to¬ 
gether the recommendations from each of the other 
divisions, correlated them, and presented them for dis¬ 
cussion and adoption at a closing plenary session. 
Some of the recommendations in specific fields have 
already been mentioned. Attention was also given to 
the need for improved training of young scientists 
and better working facilities for trained scientists, 
for more recognition and adequate support for muse¬ 
ums and collections as research aids. A strong rec¬ 
ommendation urged that expeditions provide for the 
preparation and preservation of their collections. 
Strong emphasis was placed on the use of teams of 
scientists for best results in projects involving BOcia) 
problems in which several related disciplines are con¬ 
cerned. 

Special mention should be made of the varied and 
exceptionally well-organized intersession and postses¬ 
sion field trips which so thoroughly supplemented the 
discussion of the sections. For the overseas delegates 
they made possible seeing in a relatively short time 
the outstanding features of New Zealand's unusual 
flora and fauna, its spectacular volcanic and thermal 
regions, mountains, and glaciers, its highly developed 
agriculture, and the progress of its Maori people and 
their integration with the national life of New Zea¬ 
land. 

The far-reaching implications of the congress were 
evidenced by the presence of a representative of 
Unesco, Ging Tsi Wang, three representatives of the 
Food and Agricultural Organization, and four ob¬ 
servers from the Research Council of the South 
Pacific Commission. The largest overseas delegation 
was from the United States, 8 and was comprised of 05 
members; of these 41 were from the mainland, 11 from 
Hawaii (including U. S. government scientists based 
there), 4 J from the Trust Territory, and 9 from Japan 
(4 from SCAP, 4 from the U. 8. Air Force Air weather 
Service, and 1 from the U. B. Fisheries program in the 

■ProfpBBOT of geology, Canterbury CoUege, and chairman 
of the Christchurch committee for the congress. 

1 For organization of the U. 8. delegation and Its trans¬ 
portation by air to and from New Zealand, principal thanks 
are due to Harold J. Coolldge, executive secretary of the 
Pacific Science Board of the National Research Connell, 
whose energy and good humor made for an effective U. B. 
representation. 
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Philippines). The delegates represented 11 univer¬ 
sities, 5 museums and institutions, and 12 U. 6. gov¬ 
ernment civil and military organisations. The 25 dele¬ 
gates of the Nationul Research Council and delegates 
from 15 other organizations, including the armed 
forces and civilian scientists, were provided nir trans¬ 
port from the mainland of the U. S., Hawaii, and 
Japan. A widely representative delegation was thus 
made possible through the effective cooperation of the 
Military Air Transport Command and the Air 
Weather Wing of Japan. 

On the way down to the Congress a group of U. S. 
delegates spent a memorable 24 hours at American 
Samoa on the invitation of the Governor, Captain 
Vernon Huber, U.S.N. They were received with great 
hospitality and had an excellent opportunity to look 
over the various activities of this American outpost in 
the South Pacific as well as to discuss local scientific 
problems with the administrative officials and scien¬ 
tists working there. 

On the return trip, at the official invitation of the 
French Government, 27 U. S. delegates made a 24- 
hour visit to Noumea as guests of the Territory of 
New Caledonia and the lnstitut Francais d’ Oceanie. 
The American group was officially received by the 
Governor-Gcnerul and had un opportunity to visit the 
various laboratories of the Institut, which occupy the 
buildings of a former U. S. Naval Hospital, und to 
make brief but interesting field trips accompanied by 
various members of the Institut staff. The Secretary- 
General of the South Pacific Commission welcomed 
the delegates at his new headquarters located in the 
former U, S. Army building ,which was widely known 
during the Pacific War as the "Little Pentagon." The 
hospitality extended by everyone in the New Caledo¬ 
nia visit was in the best French tradition, and will 
be long and gratefully remembered. 


Admiral D. C. Ramsey, Commander in Chief of the 
U. S. Navy in the Pacific and High Commissioner for 
the Trust Territory, arranged for a special flight for 
the U. S. geologists from Honolulu to the island of 
Hawaii to Btudy volcanic activities. F. G. Oberhans- 
Ley, superintendent of the Hawaiian National Park 
and the delegate of the National Park Service to the 
Congress in New Zealand, arranged the ground tour 
to "Volcano House." The trip added one more spe¬ 
cial opportunity to enlarge field experience and was 
especially appreciated. 

For the splefidid organization of the congress, all 
credit is due its officers—the president, R. A. Falla; 
the secretary-general (and chairman of the Auckland 
committee), Gilbert Archey; the chairman of the 
Christchurch committee, R. S. Allan; the treasurer, 
S. Cory Wright; the secretariat assistants, and their 
associates on the committees. Herbert E. Gregory, 
U. S. member of the Pacific Science Council, was an 
honorary vice president—a well-deserved recognition 
of his veteran service in the congresses. The task 
of the officers was especially difficult because of the 
lapse of ten years between congresses, the lack of any 
adequate continuing secretariat, and the great dis¬ 
tances involved. 

The congress gave special praise to the press and 
radio for the uniform excellence of their reporting 
service, which was thorough, accurate, balanced, and 
understanding. 

The warmhearted, generous hospitality everywhere 
at hand surrounded the sessions with a friendly at¬ 
mosphere that captured all. 

The Royal Society of New Zealand and through it, 
the government and the people of New Zealand have 
reinstituted again the Paeifle Science Congress, as 
an effective agency in scientific endeavor in the Pa¬ 
cific nrea. They have set a high standard for future 
congresses. 




534 


SCIENCE 


Hay 27. 1949, VoL 109 


Evidence for the Occurrence of Nor-Epinephrine 
in the Adrenal Medulla 1 

Marcel Goldenberg, Mogens Faber,® Elizabeth J, Alston, and 
Erwin C. Chargaff 

Departments of Medicine and Biochemistry, College of Physicians and Surgeons, 
Columbia University and Presbyterian Hospital, New York City 


N OR-EPINEPHRINE (nor-adrenaline, nite- 
renol) is a primary amine differing 1 from 
epinephrine only by the absence of an 
N-methyl group. Its presence in the mammalian 
body was first demonstrated by pharamacological 
methods (5) : extracts of postganglionic adrenergic 
nerves of cattle Bbowed un activity corresponding 
to 10-15 jrg of L-nor-epinephrine per g of tissue. 
Its functional importance as sympathin E had pre¬ 
viously been suggested by Bucq (1) and as a pos¬ 
sible precursor of epinephrine by Blaschko (2). 

Studies on the hemodynamics of epinephrine and 
nor-epinephrine and its possible relation to the prob¬ 
lem of hypertension (4) have raised the question as to 
whether nor-epinephrine is present in the normal 
adrenal medulla and in tumors of chromaffin tissue 
(pheochromocytomns). 

Since bio-assay of small amounts of nor-cpinephrine 
in mixtures containing large quantities of epinephrine 
did not seem feasible, chemical methods were used 
to show the presence of nor-epinephrine in extracts of 
the adrenal medulla of cattle (U.S.P. epinephrine and 
U.S.P. epinephrine reference standard). Synthetic 
epinephrine and nor-epinephrine (Winthrop) were 
used as standards in these experiments. It was found 
that the extracts of adrenal medulla contained con¬ 
siderable amounts of nor-epinephrine. 

The method employed for the identification and 
quantitative estimation was chromatography on filter 
paper, similar to the procedure of James (G). Phenol 
(saturated with water) in an atmosphere of HGl was 
found to be the most satisfactory solvent and the ad¬ 
dition of fi-hydroxyquinoline was found advantageous 
to avoid tailing. The filter paper used was Schleicher 
and Schuell No. 597, Whatman No. 1, or Eimer and 
Amend No. 9-930. All gave satisfactory results. The 
chromatograms were run for 16-18 hours, in an up¬ 
ward direction (10) with the solvent at the bottom of 
the jar. The substances to be studied were dissolved 
in acidic alcohol (1 ml cone. HC1 per 100 ml 95 per¬ 
cent ethanol) and 0.01 ml applied to the paper. The 
alcoholic solutions give smaller and better defined 

* This work was supported In part by a grant from the 
Albert A Mary Lasker Foundation. 

■Life Insurance Medical Research Fund Fellow. 


spots than aqueous solutions. The spots wore de¬ 
veloped with 0.44-percent potassium ferricyanide-so¬ 
lution (pH 7.8) according to James (G). This leads 
to the formation of the corresponding a dr eno chromes 
(quinones). The colored Bpots thus produced afforded 
a better contrast, especially for quantitative estima¬ 
tions, when the paper waB subsequently sprayed with a 
ferric sulfate solution 11 which converted the ferrous 
salt into Prussian blue. Chromatograms treated in 
this way are, however, not stable; they gradually turn 
diffusely blue. In both procedures, the papers were 
dried and developed at room temperature without 
heating. Amounts of epinephrine and nor-epinephrine 
as low as 2 /ig could easily be demonstrated. 

The colors of the spots obtained by ferricyanide 
spraying and by spraying with ninhydrin solution (8) 


TABLE 1 




Color of file upotw after 
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Epinephrine .... 

0.50-0.55 
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violet 
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0.27-0.38 

lavender—>brown 
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0.85-0.38 

yellow-pink—»blne 

dark blue 

nydro*yty famine 

0.45-0.50 

lavender 
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* The Rf values are subject to considerable vnrlntlons. de 
pending upon conditions 


were useful in distinguishing the spots obtained with 
nor-epinephrine and epinephrine from those given by 
Dopa and hydroxytyramine respectively, since the 
chromatographic demonstration of the latter sub¬ 
stances is difficult in the presence of epinephrine and 
nor-epinephrine. The colors given by these substances 
are listed in Table 1. Neither Dopa nor hydroxytyr¬ 
amine was found in any of the epinephrine prepara¬ 
tions or tumor extracts studied. 

A quantitative estimation of epinephrine and nor¬ 
epinephrine was feasible by planimetry and semi- 
logarithmie calculation (J) of the Prussian blue spots. 
Extracts of the adrenal medulla of cattle (U.S.P. 
epinephrine) were found to contain 12 to 18 percent 

* Ferric lullste anhydrous 5.0 f; phosphoric add BO per¬ 
cent, 75 ml; water to 1000 ml. We are irateful to fir. Borin 
MaffasaoUc for sugfeatJnff this procedure. 







M hy 21 f 1949, Vol. 109 


SCIENCE 


535 


nor-epinephrine; a single sample contained as much as 
36 percent, as can be seen in Table 2 (Exp. 2). 

The epinephrine fractions from three chromaffin 
tissue tumorB were founrl to contain 60 to 90 percent 
nor-epinephrine. Similar findings in adrenal medul¬ 
lary tumors have recently been reported by Holton (5). 

The hormone of the adrenal medulla thus corre- 

TABLK 2 


Dip. 

No. 


1 1’,8-P, reference Htnmlnnl Ha in pie 

3 

4 “ epinephrine 

5 

H IMiPnchroniocytiimn No. ] 

7 “ *■ 2 

8 “ “3 


■ Each vnlue repreHentB at Ion hI f> purnlkl dftfMiriinntlniiH 
Icnncordnnt within 10%). 

sponds in its dual nature to the two known sympa¬ 
thetic mediators: epinephrine and nor-epinephrine. 
This is of particular interest, since epinephrine and 
nor-epinephrine differ significantly in their phannaeo 
logical actions. Recent hemodynamic studies in man 
using the method of right heart cathemntion (4) have 
shown that epinephrine within a physiological range 
acts as an over-all vasodilator and causes hypertension 
only by increase of cardiac output. Nor-epinephrine, 
on the other hand, acts as over-all vasoconstrictor with 
no change or slight decrease of cardiac output. These 
two agents also differ in their metabolic effects; e.g., 
the hyperglycemic action of nor-epinephrine is much 
Leas marked than that of epinephrine (ratio 1: 8) (7). 
If one assumes that natural epinephrine, as secreted 
hy the adrenal gland, constantly maintains a content 


Epine¬ 
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of, let us say, 18 percent nor-epinephrine, our present 
concepts of adrenal Becretion are fully valid, since 
small constant quantities of nor-epinephrine would not 
significantly alter the functions of epinephrine. The 
hemodynamic studies quoted above (4) were done with 
extracted epinephrine (U.S.P. epinephrine) and 
brought out fully the differences between epinephrine 
and nor-epinephrine and their antagonism. But if one 
assumes that under varying physiological conditions 
the nor-epinephrine content of the secreted natural 
epinephrine varies, current views of the physiology of 
the adrenal medulla may have to be modified. 

There is no doubt that under pathological condi¬ 
tions, e.g., in pheoehromocytoma, the nor-epinephrine 
content of the accreted medullary hormone may in¬ 
crease considerably, since the tumors have been 
demonstrated to contain up to 90 percent nor-epine¬ 
phrine. The hemodynamic effects and the influence on 
carbohydrate metabolism are then profoundly altered. 

The tumor extracts were bin-assayed 1 2 * 4 * 6 . The propor¬ 
tions of nor-epinephine and epinephrine found were in 
good agreement with the chemical estimations. The 
bio-assays were performed by matching the Lumor 
extracts with corresponding mixtures of epinephrine 
and nor-epinephrine. If the bio-assay is done solely 
hy calculation of the nor-epinephrine content from the 
responses of nor-epinephrinc “insensitive” and “sensi¬ 
tive” test objects, chemical determination and bio- 
assay do not agree. We think that the error in the bio- 
nssay is due to interference of epinephrine and nor¬ 
epinephrine action (competition for equal cell re¬ 
ceptors). 

In summary, the dual nature of the adrenal medul¬ 
lary hormone has been demonstrated by chromatog¬ 
raphy on filter paper. Natural epinephrine contains 
variable amounts of nor-epinephrine. 

1 We are grateful to Dr. F. P. Luduena for pprfortulnfl the 
hlo-assayH, 
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The Separation of L-Arterenol from Natural 
U. S. P. Epinephrine 

B. F. TulLar 

Sterling-Wintbrop Research Institute , Rensselaer , New York 


R ECENTLY GOLDENBERG, et al ( 3 ) ob¬ 
tained evidence by paper chromatography 
indicating the presence of appreciable quan- 
titles of artcrenol in crystalline U.S.P. epinephrine 
derived from adrenal glands. This information, 
kindly transmitted to us by Dr. Goldenbcrg in No¬ 
vember 1948, suggested the desirability of attempt¬ 
ing physical isolation of the artcrenol from such 
samples. 

A review of the literature quickly reveals a body of 
physiological information which can be interpreted to 
indicate that chromaffin tissue, which constitutes the 


ml of methanol and 2 ml of water at 25°. When the 
solution was Beedcd with l- epinephrine d- bitartrate 
and let stand overnight a heavy crop of crystals sepa¬ 
rated. This was collected, washed with a little 
methanol, and dried in vacuo , yielding 15.1 g of 
L-epincphrine D-bitartrate, mp 147-149°. Analysis 
of this fraction indicated the presence of about 6 
percent arterenol biturtrate. 

The methanol liquor nnd wash were concentrated 
in vacuo at 25-30° and the residue was dissolved in 
10 ml water containing 0.2 g NaHSO a . Ammonium 
hydroxide was added until a faint ammonia odor per- 


TABLE 1 

Comparison op Natural and Synthetic l-Arterhnol* 
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L-Arterenol hydrochloride . 



Calculated 

0.80 

40.72 

0.88 

Natural . 

147.n-148.fl 
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7.01 
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• I am Indebted to Mr. M. E. Auerbach of these laboratories for the determinations and analyses In this table, rb well 
OB for the arterenol assays mentioned In the text. Mr. Auerbach's method for the determination of arterenol In the pres¬ 
ence of epinephrine will be the subject of a separate communication. 


medulla of the adrenal gland and is the source of 
natural etinephrine, may elaborate more than one 
hormone having etinephrine like properties. In fact, 
Gaddum and Goodwin (£) have con Armed earlier sug¬ 
gestions that the substance released by stimulation of 
the hepatic nerves of cats mny be arterenol. How¬ 
ever, direct chemical evidence to support the physio¬ 
logical observations have been lacking, and indeed, 
only recently have the chemical properties of L-arte- 
renol become known (4). 

We now wish to report the isolation of pure 
L-arterenol from several commercial lots of natural 
epinephrine and also from a sample obtained from 
the bulk stock of U.S.P. epinephrine reference stand¬ 
ard through the kindness of the U.S.P. Board of 
Trustees. 

A 10-g sample of natural U.S.P. epinephrine, con¬ 
taining 17-18 percent arterenol by analysis (i) was 
dissolved by stirring with 8.5 g d- tartaric acid in 76 


Bisted and the resulting slurry of base was kept at 
5° one hour. The precipitated base was collected, 
washed with a little water, and dried in vacuo. There 
was obtained 1.56 g (mp 100-193° with decomposi¬ 
tion), or a total recovery of 98 percent. 

This base (1.42 g) was dissolved with 1.25 g L-tar- 
tnric acid in 11 ml methanol containing 0.3 ml water. 
The solution was seeded with L-arterenol L-bitartrate 
and let stand at 5° overnight. The crystalline pre¬ 
cipitate wns collected, washed with a little eold 
methanol, and dried in vacuo to give 0.7 g, mp 157- 
159°. Analysis indicated 95 percent arterenol bitar¬ 
trate. Recrystallization from 90-percent methanol 
yielded 0.25 g having mp 161-3°. 

Similarly an 80-g sample from the same lot of 
natural epinephrine gave 7.7 g of once-crystallized 
L^bitartrate mp 157-150°. When this was dissolved 
in 7 ml water and 15 ml methanol by warming to 
40-50and the solution diluted with 80 ml of 
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methanol, crystallization started promptly. After 20 
hours at 5° the precipitate was collected, washed with 
a little cold methanol, and dried in vacuoj giving 3.3 
g mp 101-3°. After one more crystallization from 30 
ml of 90-percent methanol, 2.8 g of pure L-nrterenol 
L-bitartrutc, mp 163^4°, was obtained. An additional 
recrysLallizution of a portion did not change the melt¬ 
ing point. By reworking the liquors, 1.2 g of L-bitar- 
tnite, mp 163-4°, wag recovered, making a total equiv- 
hUtiI to 2.5 percent, of the epinephrine sample. 

Portions of this pure L-bitartrate were converted 
to the D-bitartrnte monohydrate and to the hydro¬ 


chloride, as described previously for synthetic L-arte- 
renol {4). The identity of these suits with the corre¬ 
sponding synthetic L-arterenol salts is shown in the 
table. 

In summary, natural epinephrine contains appre¬ 
ciable quantities of levo-arterenol, as shown by isola^ 
tion of the latter compound. The adrenal gland 
therefore contains arterenol as well as epinephrine. 
The present study is believed to be the first isolation 
of levo-arterenol in chemically pure form from bio¬ 
logical material and is thus the final step of proof 
in establishing the hormonal nature of this substance. 
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1. Aukhhach, M. E. Science, 11*49, 109, 537. 3. Go ldunubUG, M., et of. Science, 1040, 100, 034. 
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The Determination of Arterenol in Epinephrine 

M. E. Auerbach and Eleanor Angell 

Sterling-Winthrop Research Institute, Rensselaer, New York 


U SING A PAPER CHROMATOGRAPHIC 
TECHNIQUE, Goldenbcrg, Faber, Alston 
and Chargaff (J) were recently able to 
demonstrate the presence of arterenol (nor-epineph- 
rine, nor-adrennline) in supposedly pure crystals 
(U.S.P. grade) of epinephrine derived from adrenal 
glands. This most interesting finding prompted in¬ 
vestigations which led to the actual isolation of arte- 
renol (2) from natural epinephrine, and to the devel¬ 
opment of n chemical method somewhat more con¬ 
venient for the assay of arterenol in epinephrine than 
that offered by paper chromatography. It is the pur¬ 
pose of this note to describe the method, and to re¬ 
port the values found for several lots of natural 
epinephrine. 

Reagents. (1) Buffer, pH 9.6 (Clark and Labs) 
50 cc of a solution which is M/5 in both H„BO b and 
KC1, plus 36.85 cc M/5 NaOH, diluted to 200 cc. 
(2) Five-tenths percent sodium P-naphthoquinone-4- 
sulfonate (Eastman Kodak) in water. This reagent 
must be used before it is one hour old. (3) One per¬ 
cent aqueous solution of alkyl dimethylbenzylam¬ 
monium chlorides (Roccal or Zephiran) (benzalkon- 
ium chloride). (4) Mixed solvent Eighty-five vol¬ 
umes C.P. toluene plus 15 volumes redistilled ethylene 
dichloride. Mix only enough for one day's use. 
Wash the mixture with a little of the borate buffer, 
then filter through dry paper to remove droplets of 


water. (5) Epinephrine control solution. One hun¬ 
dred ing pure synthetic epinephrine base dissolved in 
2.5 cc of 5 percent aqueous solution of sodium borate, 
and diluted to 100 cc with water. (6) Arterenol 
standard solution. Forty mg of pure arterenol base 
(or its equivalent of the bitartrate) dissolved in 5 cc 
of 5 percent aqueous solution of sodium borate, and 
diluted to exactly 200 cc with water. Store in a cold 
dark place and discard after 24 hours. 

Procedure (setting up the standard curve). To 
each of five 50-cc glass-stoppered graduated cylinders, 
add 1 cc of the control epinephrine solution, and to 
four of these add respectively 0.25, 0.50, 0.75, and 
1.00 cc of the standard arterenol solution. To each 
cylinder add 1 cc buffer solution, swirl, add 0.5 cc 
naphthoquinone reagent, swirl; let stand at room tem¬ 
perature for 45 minutes. Add 0.15 cc of the benz- 
alkoniuni chloride (use of a calibrated dropping bottle 
is convenient), then add exactly 10 cc of the mixed 
solvent and shako thoroughly. Let stand for 45 min¬ 
utes, shaking the mixtures gently at least five times 
more at regulnr intervals during thiB time. After the 
final shake, the solvent Mayer (purplish red in the 
presence of arterenol) should separate clearly. If it 
is turbid, transfer to a small centrifuge tube, stopper, 
and centrifuge for a few minutes to clarify. Transfer 
the extracts to appropriate colorimeter tubes and 
read the percentage transmittancy in a suitable photo- 
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electric colorimeter, using a green glass Alter (540 
mu). Set the instrument to 100 percent transmit- 
tanoy with the extract from the cylinder containing 
only epinephrine. When plotted on semilog paper, 
the values obtained will result in a straight line. 

Assay of Epinephrine Crystals. Dissolve a weighed 
amount of sample in a little 5-percent sodium borate 
solution and dilute with water, so that the Anal dilu¬ 
tion will be approximately 0.1 percent in borax and 
will contain about 2 mg epinephrine per cc. Run 
0.25-cc, 0.5-cc, 0.75-cc and 1.0-cc portions in exactly 
the manner already specified, and interpret the Anal 
tranamittancies by reference to the standard curve. 
If the content of arterenol is known approximately, 
there is no need to run a whole series. One sample, 
estimated to contain 0.1 mg to 0<2 rng arterenol, is 
sufficient. 

Discussion. The absorption spectrum of the colored 
extract shows a very broad maximum in the area 
530 pr-500 mu. 

The borate medium functions not only to maintain 
a desirable pH level, but also to form a complex with 
the catechol group and thus diminish chromogenic 
side reactions. The formation of fatty salts of acidic 
dyes with long-chained quaternary ammonium com¬ 
pounds has been used very generally in these labora¬ 
tories as an aid in analytical colorimetry. Some of 
these salts show a truly impressive hyperehromic and 
bathochromic effect on being extracted from an 
aqueous into a nonpolar solvent. Further, by ex¬ 


tracting the colored derivative from the original re¬ 
action medium, an important degree of selectivity is 
often achieved. In the present case, the extraction 
eliminates interference by dihydroxy phenylalanine 
(dopa) and dihydroxyphenylethylamine (3-hvdroxy- 
tyramine). 

TABLE 1 

Thjc Arterenol Content of Epinephrine from 
Natuiial Sources 

Peroeui 

nrter«noI 


U.H.P. epinephrine reference standard 1947-10 17.0 

U.S.P. epinephrine reference standard 104B-1H 10.0 

U.S.P. epinephrine crystals, Lot No. 73010 ... 18.0 

U.S.P. epinephrine crystals, Lot No. 73401 . . . 17.0 

U.S.P. epinephrine crystals, Lot No, 72334 . . . 10.3 

n.S.r, epinephrine crystals. Lot No. T-22B4B . 10.3 


Many of the natural amino acids also yield colored 
extractives with the proposed assay method. The au¬ 
thors hope to publish elsewhere further details, in 
connection with experiments now under way on the 
assay of fresh adrenal glands. 

Results, Using the method described, we huve ex 
amined samples of U.S.P. grade natural epinephrine 
from several sources. In each case, as shown in Table 
1, a considerable amount of arterenol wns found. 

The authors are indebted to several individuals for 
help in obtaining representative samples of U.S.P, 
epinephrine CTVHtals. 


1. Golden berg, M., et al . Science, 1049. 109, 084. 


Rcf«mCN 

2, Tullab, B. F. Sotenoe, 1949, 109, 080. 
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Inhibition of Estrogen-induced GrowtH in 
che Genital Tract of the Female Chick by 
a Purine Antagonist; Reversal by Adenine 

Roy Hertz sod Vm. W. Tullner 

Endocrinology Section, National Canter Institute, 

Bathes da 

We have previously reported: (a) that folic add is 
required for optimal tissue growth response to estro- 
gen in the genital tract of the female chick and monkey; 
(b) that several folic acid antagonists quantitatively in¬ 
hibit eBtrogen^induced growth in the genital tract of the 
female chick and rat; and (e) that such inhibition is 
reversed by the addition of high doses of folic acid 
(*, S t 4). 

The observation of Stokes (5) that thymine can replace 
folic acid as a growth requirement for certain lacto- 
bacilli initially suggested that folic add is involved in 


TABLE 1 

Effect of 2,0-Diautnopobinb on Estrogen Response 
in Chick Genital Tract* 


Group 

Stll- 

bestrol 

2.6- 

dlamlno 

purine 

(mg) 

Adenine 

sulfate 

(mg) 

Number 

of 

chicks 

Ovlduel 

weight 

(mg) 

1 . . . 

_ 



10 

8± 3 

11 . . . 

+ 



10 

50 ±5 

Ill . . . 

+ 

15 


10 

14 ±5 

IV . . . 

+ 

10 


10 

22 1 3 

V . . . 

+ 

10 

A 

10 

30 + 5 

VI ... 

+ 

10 

8 

LO 

37 ±0 

Vll ... 

+ 

10 

00 

8 

42 ± 4 


• Day-old N. H. red chicks were ueed ; they were given do 
food but water ad libitum ; Btllbeatrol given at 1 mg dally 
subcutaneously In 0.2 cc corn oil for 2 days. Other com¬ 
pounds Injected at Indicated dally dose for 8 days In 1.0 cc 
aqneous solution or suspension, except for group VII which 
received adenine by capaule; all chicks were autopsled 24 hr 
after the last Injection. 

purine and pyrimidine metabolism. Accordingly, Hitch- 
lugs, et al. have prepaid a number of purine and pyrim¬ 
idine derivatives which exhibit antifolio add activity 
when tested on bacteria. This inhibitory effect is re¬ 
versible by adenine, i.e., 0-aminopurine, and related com¬ 
pounds (d, 7). 

We wish to report that one of the purine analogues, 
B,6-diaminopuriue,i exerts a marked inhibitory effect 
upon the estrogen response in the genital tract of the 
female chick and that this Inhibition la largely reversible 

1 We are very Much Indebted to Dr. G. H. Hitch Inge, Well- 
come Research Laboratories, for making this end related 
compounds available to oi; without his generous cooperation 
these Investigations would have been Impossible. 


by adenine, i.e., 6-aminopurine. Table 1 presents a rep¬ 
resentative experimental series. 

It is particularly noteworthy that as much as 5 mg of 
folic add does not reverse the inhibition produced by 
10 mg of 2,6-diaminopurine (5). 

In view of our earlier observations concerning the 
critical role of folic acid in the tissue growth response 
to estrogens (£— 4), tlio present data support the view 
that folic acid may be concerned with purine and pyrimi- 
dine metabolism ( 9 ). 

In any event, it is apparent that folic acid and adenine, 
and their respective inhibitory analogues, can quanti¬ 
tatively determine the degree of response obtained in a 
tissue which is under maximal hormonal stimulus for 
growth. These observations should provide a useful ex¬ 
perimental tool for the further study of the basic metab¬ 
olic mechanisms involved in growth processes in hor¬ 
mone-sensitive tissues. 

Moreover, these phenomena may provide a basis for 
the development of chemical agents of therapeutic value 
in such clinical states as prostatic and breast cancer, in 
which a suppression of the biological effectiveness of 
endoppoouH steroid hormones has proven beneficial (I, 8). 
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A Capillary-Ascent Test Tube Method for 
Separating Amino Acids by Filter Paper 
Chromatography 1 

Louii B, Rockland and Max S. Dunn 

Department of Chemistry, University of California , 

Lot Angeles 

Williams and Kirby’s ( 3) Capillary -ascent modification 
of the method of Consden et al . (I) for separating amino 
adds by filter paper chromatography has been adapted to 
the separation of less than microgram quantities of amino 
acids in 0-in, test tubes. It has been shown that amino 

1 Paper M. For Paper U, see Dunn et aL (I). This 
Work has been aided by a great from the National Institutes 
of Health CD. fl. Public Health Service). 
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uv'idu may be separated conveniently, rnpldly, end eco¬ 
nomically by the described procedure. 

Strips 3 (13.5x1.50x1,00 cm) were cut with h paper 





ISOLEUCJME 


Threonine 


ASPARTIC ACID 


a. 


and the narrow end of the amino acid treated strip is 
inserted into the phenol solution in a position (shown in 
Fig. l.a.), such that the strip does not touch the walls of 
the tube except at the upper end. The tube is stoppered 
with a good quality, rolled No. 9 cork. The tube is a] 
lowed to Btand for 2 to 3 hr until the solvent ascends to 
h position about 5 mm below the perforation in the strip. 
The strip in removed, suspended on a bent paper clip and 
dried at 110° for about 3 min. The dried strip is 
sprayed lightly with a 0,20% solution of ninhydrin in 
water-saturated butanol, and dried at HO" for about 
4 min. 

The colored spots observed with transmitted light arc 
circled and the center marked. The distances from the 
center of the original wet area A and the final spots B 
and from the former and the solvent boundary C are 
measured. The R, vnlues are calculated as the ratios, 
AB/AC. Tracings of typicRl chromatograms are shown 
in b and c of Fig. 1. The R f values for 17 amino acids 
(shown in Table 1) compare favorably with those ob¬ 
tained by larger scale, on c-dim en si on a 1 paper chroma¬ 
tography. 

TABLE 1 

Rr VAi.nEH of Amino AciOb with I'hbnol 


Kim. 1. 

cutter from Whatman’s No. 1 filter paper (14x19 cm) 
with the aid of a line-guide sheets placed over and stapled 
to the narrow end of the filter paper. It was found con¬ 
venient to prepare replicate strips by cutting a package 
of six sheets of filter paper enclosed between two sheets 
of white wrapping paper. Each packet of six strips was 
pierced in the center and about 4 mm from the broad 
end to facilitate suspending the strips during the sub¬ 
sequent drying process. Approximately 500 strips were 
obtained from six sheets (45.7x56.3 cm) of filter paper. 

The amino acid solution* is drawn into a capillary 
pipet R and the tip of the pipet is applied quickly and 
lightly to the strip at the center and about 6 mm from 
Its narrow end. The wot area, which should not be in 
excess of l.C mm in diameter, is circled and allowed to 
dry (5 min). Approximately 0.4 ml of water-saturated 
phenol 0 is pipetted into the bottom of a 6-in. test tube 

■ The filter paper should not be touched with the hands, 
to avoid amino acid contamination. 

* Line-guide sheets may be drawn by hand with the aid 
of a metal template or, more conveniently, they may be 
printed hy means of n stencil whloh Is cut In such A ™nnner 
that adjacent strips are Inverted. 

* 0,03 M solutions have given satisfactory chromatograms 
of the smlno adds Investigated. 

0 Prepared by drawing 5-ram pyrex cu pillary tubing to 
about 2 mm and grinding the tip to about 0,5 mm wltb 
400-600 mesh carborundum. About 0.0002 ml of solution, 
Is delivered by the described technique: Volumes of solu¬ 
tion smaller than 0.0002 ml are delivered by the Glim mil 
Ultra-Microburet (The Emil Greiner Company, 161 flth Ave., 
New York City), 

■ Phenol which gives a red-colored solution Is preferred 
since It marks the solvent boundary more dearly than 
Chemlcnlly pure material. Pink fronts may be eliminated 
by treatment with coal gas, ammonia, HCN, or cupron (J). 


Amino 

acid 

CmiHflen 
et nl. (I) • 

Wllllnms 
mid Klrhy 
M)t 

Authnrst 

Alunlnc . 

0-B9 

0.38 

0.02 

Arginine . 

0,62 

0.54 

0.03 J 

Aspartic nrlil 

0.17 

0.22 

0.28 

Glutamic acid 

0.28 

0.23 

o.ap 

Glycine . 

. . 0.42 

0.30 

0,40 

Histidine . 

0.6ft 

0.02 

0.811 

laoleuelne . 

0.80 

0.83 

0.85 

Leucine . 

0.88 

0.80 

0.80 

Lysine . 

0.48 

0.41 

0.411 

Methionine 

0.81 

0,74 

0.74 

Phenylalanine 

0.93 

0.83 

0.87 

1‘rollne 

0.80 

0.88 

0.87 

Berlnc . 

0,38 

0.30 

0,83 

Threonine . 

o.nn 

0.48 

0.07 

Tryptophnn . . 

0.88 

0.71 

0.81 

Tyrosine . 

0.82 

0.53 

0.58 

Valine . 

0.77 

0.72 

O.R2 


* Descending bonndnry method. 

t Ascending boundary method. Time and dlstnnces: 28 
hr and 3B0 mm (3) ; 3 hr and 125 mm nt about 2D" (su¬ 
ch on). 

% Used as monohydrochlortde histidine, mnnnhydrochlnrlrte 
monnhydrate. 

A rapid, convenient, capillary -ji scent test tube method 
has been described for the separation of less than micro- 
gram quantities of amino acids by paper chromatography. 
R r values, comparable to literature data, have been de¬ 
termined for 17 amino acids. Numerous samples may be 
determined simultaneously by the authors' method, 
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An Improved Apparatus and Procedure for 
Ascending Paper Chromatography on 
Large Size Filter Paper Sheets 

V. Q. Wolf son, C. Cohn, and W. A. Dflrmey 1 * * 4 

Department of Biochemistry* Medical Research Institute, 
Michael Reese Hospital, Chicago; and the Laboratory 
Equipment Division , American Stainless Equipment 
Company, Chicago 

The technique of ascending paper chromatography in¬ 
troduced by Williams and Kirby (5) represents a con¬ 
siderable simplification of the original technique of 
Consdeti, Gordon and Martin (f). However, the appa¬ 
ratus suggested by Williams and Kirby limits the pos¬ 
sible size of two-dimensional chromatograms to about 
11 in. x 11 in., and the actual chromatogram is usually 
oonsidorably smaller when unused paper has been trimmed 
from the edges. The 6-gal stoneware crocks proposed, 
are quite heavy and unwieldy and become Increasingly 
difficult to handle in larger sizes. Stoneware crocks have 
some other disadvantages: they are porous and tend to 
retain a particular solvent tenaciously; they are supplied 
with rounded edges difficult to Beal properly unless a 
grinding operation is undertaken; and they have rounded 
inside bottoms which make it difficult to balance an ordi 
nary flnt-bottomcd pan. 

The apparatus to be described has made it possible to 
secure consistently good two-dimensional chromatograms 
by the ascending technique on 18 in. x 22 in. Whatman 
No, 1 filter paper sheets or on 23 in. x 23 in. 8 A 8 No. 004 
filter paper sheets. The chromatography tank 1 itself ia 
a 20-gal 20-lb stainless steel tank provided with two 
carrying handles, and having an inside height of 24 in. 
and inside diameter of 10 in. At the top, the wall is 
rolled outward to form a smooth flat flange, approxi¬ 
mately f in. wide. This flange acts as the lower surface 
of the lid-tank seal. The lid is a heavy plate glass disk 
to which a circle of soft rubber, approximately 1 in. in 
width, lias been bonded by means of a Neoprene bond. 
The lid-flange junction provides a seal sufficiently good 
to permit a considerable reduction in the pressure within 
the tank without leakage, when suction is applied through 
nn eccentrically placed 1-in. hole provided in the lid of 
the tank.* The eccentrically placed aperture provided in 
the lid is also useful for adding or removing material 
from solvent pans dbring a run, and n^ay be used to 

1 Wp wish to tlmnk Dr. Charles E. Dent of University Col¬ 
lege Hospital Medical School, London, for hla advice on 
many points of chromatographic technique and for running 
the two-dimensional descending chromatograms In the case 
of ejBtlnurla mentioned. 

■This Department is la part supported by the Michael 
Reese Research Foundation. 

a Photographs of the chromatography tanks are available 
upon request from the manufacturer, American fitnluktot 
Equipment Company, 2812 Greenvlew Avenue, Chicago, til. 

4 For runs with reduced tank pressure, a special stainless 
steel Ud with a glass porthole Is used. 


introduce a thermostat and heating coil for temperature 
control, 

Particular provision has been made for aocurate level¬ 
ing. Two spirit levels, separated by an angle of &0 % 
are permanently attached to the tank lid. The tank 
itself stands upon three legs, the length of which is indi¬ 
vidually adjustable. The leg length is sufficient to pro¬ 
vide clearance for a spigot placed beneath the tank In 
order to drain flushing solutions or to drain solvent, 
when the entire tank base has been used as a solvent pan. 


1'Fold 


Staple 


r Fold- 

,3 round. 



Fasten with adhesive 
and staple through 


Fasten with adhesive 


Apply sample here 


Fasten with adhesive and 
staple through 


Fia. 1. Technique of folding and fastening large filter 
paper sheets, When the run Is completed, the staples sre 
carefully removed, and the adhesive tape cat. The sheet Is 
hung for drying ; and, If a two-dimensional chromatogram la 
contemplated, It Is reformed Into a cylinder aud re fastened 
u/ter drying. At this time, excess adhesive from the first 
run Is removed. Spots of material to be fractionated are 
best applied about 2 Id. above the lower border and 2 In. In 
from the vertical border which Is to be the lower border when 
the sheet Is run In the second direction. 


In general, the procedure used follows that of Williams 
and Kirby with few exceptions. Because the develop¬ 
ment of ascending'chromatograms is slower than that of 
descending chromatograms, S & 8 No. 004, a more porous 
and softer paper than Whatman No. 1, is used under most 
circumstances and provides a considerably faster run than 
Whatman No. 1. The latter, however, should be used 
when solvents of high water content are employed) as Id 
the protein experiments mentioned below, because of its 
stiflfer quftlity, 

The use of large paper sheets for ascending chromato¬ 
grams requires a special technique to prevent bending or 
crumpling, since this will invariably occur if 18 in, x 22 
in. or 23 in. x 29 in. fcheets are merely stapled into a cylin¬ 
der before* standing in the solvent Fig. 1 illustrated a 
technique of folding and fastening the borders of the 
cylinder which effectively overcomes the tendency to bend 
or crumple, even In solvents of high water content. The 
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Fig. 2. Probable locution of rnigur spot centers on ascending cbromatognuna. The center of a particular lugar apoi 
will fall In the circle In over two-thirds of the runs. Increasing temperature cruises a rise In phenol Rc and a decrease In 
collidine Ur. To control Mich variation It Is convenient to ran a 1 ill spot of a Htnndrird solution, containing 0% rham 
Dose, ryloBe, nrablnoae, and galactose. The Rr of the unknown may then be corrected by multiplying the observed value by 
the fraction: theoretical average Rr of standard sugars -r observed average Rr of standard sugars. 


staples used were ordinarily commercial staples; no diffi¬ 
culty attributable to metallic interference has been en¬ 
countered. We have not noted the water-logging which 
Williams and Kirby found troublesome, possibly because 
all solvents, even when apparently free of emulsified or 
droplet water, are passed through a double thickness of 
large coarse fluted filter paper before being placed in the 
solvent pan, and refiltered if the filtrate is at all hazy. 
When this precaution is observed, ordinary water'Satu¬ 
rated solvents give results which in our hands are su¬ 
perior to those obtained when using solvents saturated 
with saturated sodium chloride solution as recommended 
by Williams and Kirby (J). 

Approximately 150 ce of solvent are placed in the sol¬ 
vent pan for a run on 29 in x 23 in paper. In the original 
technique of Oonsden, Gordon, and Martin (1 ), saturation 
of the atmosphere was maintained through the use of 
extra solvent-water and water-solvent pane. Such extra 


puns are not used in ascending chromatography, but s 
considerable excess of solvent is provided so that a satu¬ 
rated atmosphere may be obtained without significantly 
disturbing the concentration of the solvent with respect 
either to water or to solvent. 

Large sheet ascending chromatography has been ap¬ 
plied to a number of clinical problems with satisfactory 
results. In some respects, the technical quality of the 
ascending chromatograms exceeds that obtained by the 
descending technique, because of the virtual absence of 
tendency to develop irregular fronts. 

Our R r values for amino acids closely agree with those 
obtained by Williams and Kirby (5). R r values for 
amino acids obtained by ascending and descending tech¬ 
niques are not directly parallel, although good parallelism 
obtains In the sugar series* Results obtained in the study 
of aminoaciduria by the two techniques have been iden¬ 
tical. Tn n patient with cystinuria, both techniques de- 
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tec ted the presence of excess amounts of lysine in each of 
two 24-hr urine samples with exeess arginine in only one 
of the two samples. The apparatus and technique de¬ 
scribed have also been need in the partial development of 
a simplified procedure for the detection of purines on 
paper chromatograms (f). 

Pig. 2 indicates the location of certain sugars of clin¬ 
ical interest on two-dimensional ascending chromatograms. 
A sample of urine from a patient with hereditary familial 
pentosuria yielded the two abnormal components, S 1 and 
B 1 , shown on the grid. Studies to identify these com¬ 
ponents and a simplified procedure for the detection of 
sugars on paper chromatograms will be reported in u 
later communication (7). 

The features of the tank design which permit operation 
at reduced pressures were introduced because of findings 
during preliminary attempts to fractionate protein mix- 
tures and diacotized protein mixtures. In our experi¬ 
ments (0) and in those of Tiselius (4), it was found 
that when inorganic salt solutions were employed as 
developing solvents, no fractionation occurred unless 
water was permitted to evaporate from the solvent during 
the run. The results we obtained by casual evaporation 
did not prove sufficiently constant or precise for useful 
application; but by employing low, controlled vapor pres¬ 
sures, Tiselius (4) has obtained more promising results. 
Tiselius has also obtained distinct fractionation of pro¬ 
tein mixtures on paper by a somewhat different tech¬ 
nique, that of solting-out adsorption (0). In this pro¬ 
cedure, the developing solvent is a salt solution which has 
a salt concentration approaching that at which the pro¬ 
tein component of minimum solubility will precipitate. 
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Electrical Still 

P. L. Boiallu 

Ooportmomt •/ Pko^Bocmlogy ond Toxicology, 

Untvortity of ^irosds Mcdicol School, H adiaon 

Many techniques, particularly the miorodeterminatioD 
of heavy metals, require metal-free water. Water from 
the usual steam tin-lined stills contains significant quan¬ 
tities of heavy metals and other foreign material, which 
necessitate redistillation of the water In an all-pyrex ap¬ 
paratus. The use of a Bunsen burner or on electric 
plate, as a source of heat, requires constant attention. 
The occasional cracking of the distillation flask when 
allowed to run dry, or after prolonged use, is a source 


of expense. Electrical heating elements can be em¬ 
ployed; however, when in constant use, replacements are 
required. 



proxlmately 6x40x140 mm, wblch can be obtained at an.T 
electric motor ahop. (C) Glaaa rods, 0 mm In diameter, with 
flattened ends to bold the carbon electrodes In place. (D) 
Glass tubes, 7 mm long, fitting snugly over the glass rods to 
keep the carbon electrodes apart. (B) Electric terminals 
connected to a 110-volt A.C. current. (F) Screw clamp on 
the water inlet from a 6-gal reservoir, adjusted so that the 
rate of the water dripping Into the flask Is In equilibrium 
with the rate of distillation. (G) Rubber stopper, (H) 
Brass rods, approximately 6 mm in diameter, fitted Into the 
carbon electrodes and threaded on the upper end. The rods 
pass through the rubber stopper and are held in place with 
buVrs. 

It appears that a still (Fig. 1) which is easily con¬ 
structed and requires a minimum amount of care and 
expense for Its maintenance may well be of Interest to 
other workers. It has the added advantage that the 
electric Current to the heating element is automatically 
broken when the level of the liquid in the flask falls 
below the electrodes. . 

To operate the still, approximately 100 mg of sodium 
chloride are placed in the flask (.4) to serve as a partial 
conductor for the current. The flask is filled about half 
full of water and the distilled water from a reservoir 
is allowed to drip into the flask at the same rate as the 
water Is distilled. When this equilibrium Is attained, 
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it can operate without attention for many hours. This 
apparatus can supply about 5 gal of water in a 24-hr 
period. It should be added, however, that the use of the 
still herein described does not free the distillate from 
volatile substances such as carbon dioxide and ammonia. 


Application of Probics to Sweet 
Corn Earliness Data 

Gordon Hukell | 

John Ismi Horticultural Institution, 

Morton, Surrey, England 

Two widely used measurements for estimating curliness 
In maize are date of first tassel ftppoaranee and date when 
half the population have silked. , Measurements are more 
liable to error when first tassel date is used than with the 
half-silking date, for in a normal population the earliest 
plants to flower are few compared with half the popu- 



Fio. 1. Flowering (tassel) time for sweet corn variety 
Ocpendoyold sown ut 29-day Intervals. Percentages plotted 
against actual date. 

lation in flower. Similarly, stragglers may flower very 
late, or not at all, and upset measurements of flowering 
spread used to indicate uniformity. 

In England, where for breeding purposes it is impor¬ 
tant to get very early plants of sweet corn varieties, date 
at first tassel appearance has been used to measure earli- 
ness; this helps selection of the earliest plants. Unfor¬ 
tunately, earliest plants may be impeded by fruit fly dam¬ 
age and flower later than they ore potentially capable 
of doing, thus increasing error. 


Bata for variety Dependoffold were taken from an ex¬ 
periment to determine the best time for sowing sweet 
corn in England, four sowings having been made at 28- 
day intervals from the 1st of March 1946. Tassel date 
of each plant was recorded, and the percentage of plants 
in flower at a particular date for each sowing time was 
calculated and plotted (Fig. 1). Although irregular, 
the curves to some extent resemble the sigmoid curve 
characteristic of growth. Percentages were transformed 
to probits and plotted against logarithm of flowering 
date. Such transformed data of true sigmoid curves are 
expressed as straight lines drawn along the best fitting 
position, as shown by Finney (I). The transformed data 
for flowering times for the four sowing dates are given 
in Fig. 2. Here the dots lie reasonably close to the best 



Fig, 2. Data from Fig. 1 transformed, Problts plotted 
against logarithm of flowering date. 


fitting straight lines, although there is slight discrepancy 
for the earliest sowing which was based on few surviving 
plants. 

The 5.0 probit value on any line gives the theoretical 
date for hnlf the population in flower and is an index of 
curliness, like the 50% in flower of antransformed data. 
Angles of the slopes of the various lines indicate, too, 
how rapidly a variety flowers when sown at different 
times. Henoe, for different varieties sown at the same 
time, this method would give an easy visual method of 
determining uniformity, the larger the angle the greater 
the uniformity. 

The value of applying probits to plant breeding data 
in general should, therefore, not be overlooked. 

Utterance 

1. Flaw by, D. J. Probit analysis. Cambridge : 1947. 







May 27, 1949, Vol. 109 


SCIENCE 


545 


A Prothrombin Conversion Accelerator 
in Serum 1 

Bonjamln Alexander, Andre dc Vries, 2 Robert Goldstein, 
■ad Greta Landwehr 

Medical Research Laboratory, Beth Israel Hotpital and 
the Department of Medicine, Harvard Medical School 

Recently substances have been described in serum which 
activate or accelerate the can version of prothrombin to 
thrombin by thromboplastin plus ionized calcium (8, S). 
These observations are of fundamental importance, since 
they help explain the uutocatalytic process underlying the 
formation of thrombin. 

We have found that human serum contains a substance 
which arises during blood coagulation and which is ca¬ 
pable of accelerating the conversion of prothrombin to 
thrombin. This agent, distinct from thromboplastin or 
thrombin, can be separated from prothrombin-free serum 
and has been purified to the extent that all of the ac¬ 
celerating activity is contained in 20 mg of protein from 
100 cc of serum. The substance is measured by its abil¬ 
ity to accelerate the velocity of prothrombin conversion 
to thrombin when added to fresh normal plasma, the 
mixture thou being suitably diluted with prothrombin- 
free plasma (6). The prothrombin time of the mixture 
is determined by the one-stage procedure and its pro- 
thrombic activity computed from a standardization curve 
obtained on normal plasma. 

Some of the biochemical and physiological properties of 
the serum prothrombin conversion accelerator (spea) have 
been delineated; 1) It can be quantitatively adsorbed 
from serum by BafiO, or BaCO fl . 2) It can be eluted from 
the BaS0 4 by solutions of sodium citrate. 3) It is non- 
dialyzable. 4) It is removed from serum by Seitz filtra¬ 
tion. 5) It Is not precipitated from diluted serum at 
pH 5.8. 0) It is destroyed in serum at 56° C in 2 min. 
7) It is stable in serum at 4-5° C for at least 3 days, 
In purified fractions for at least 9 days, but is Iosb 
stable in media which are free of electrolytes. 8) In 
serum it is destroyed below pH 5 and above pH 9. 9) It 
can accelerate the coagulation 1 of normal or hemophilic 
blood. 10) Its effect on prothrombin conversion Is not 
obviated by moderate amounts of hepnrin capable of re¬ 
tarding coagulation. 11) The amount of spes evolved 
during blood clotting is related to the amount of pro¬ 
thrombin consumed in the process. 12) It Is increased by 
mechanical agitation of, or thromboplastin supplements 
to, clotting blood. 13) It is decreased by removal of 
platelets or by allowing blood to clot in siliconized tubes. 
14) Preparations of spea obtained by BnB0 4 adsorption 
and elution with citrate have an ultraviolet absorption 
spectrum which is Indistinguishable from prothrombin 
fractions obtained in the same manner from fresh humnn 
plasma. 

1 Supported by a gnat from tbs Commonwealth Fond. 

■ Aided by a fellowship from the Rothschild Hadmab 
I’nlvertlty Hospital, Jerusalem. 


In serum from patients with idiopathic hypoprothrom- 
binomin, or with hypoprothrombinemia induced by dicoo- 
marol, the amount of the serum accelerator is abnormally 
small. Similar observations were found also in thrombo 
cytopenia, either idiopathic or secondary to other patho¬ 
logical conditions; in these instances residual serum pro- 
thrombic activity was much greater than normaL 

Hemophilic serum frequently shows a prothrombic ac¬ 
tivity, by the modified one-stage procedure (6) that is 
considerably higher than that of the parent plasma. This 
is probably due, at least in part, to some spea which'has 
evolved during coagulation. 

It appears that the serum prothrombin conversion ac¬ 
celerator, described above, is different from the serum 
Ac globulin of Ware and Seegers, which is reported to be 
remarkably unstable in human serum (7). Nothing can 
be said regarding its identity or non-identity with factor 
VI of Owrcn ( 5 ). Detailed reports on Bome of those oh- 
servntioTiH nre in press elsewhere (J—4), 
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A Linear Diffusion Method Suitable for 
Large Scale Microbiological 
Antibiotic Assay 

W. W. Davii, T. V. Parka, and W. A. Daily 
The Lilly Re tear ch Laboratories, Indianapolis 

A diffusion method of microbiological antibiotic assay 
has been developed which appears to offer advantages of 
economy, accuracy, and concentration range of validity 
over Petri dish methods. This method involves linear 
diffusion of antibiotics into inoculated, agar-filled, glass 
capillaries from solutions of antibiotic in nutrient broth. 1 

Pyrex glass capillaries having an internal diameter of 
approximately 1 mm and length of 8) in. are ground flat 
on one end, These are partially filled with melted agar 
seeded v^ith test organisms. These capillaries are filled 
in an automatic device which molds the end of the agar 
column flat and flush in the end of the capillary. This 
flat end of the agar column serves as the Initial boundary 

1 Our attention has recently been directed to a paper— 
Torll, Tostio, Yasuo Kawafcaml, and Hlro Kostina. Journal 
of FsftfoilUn (Japan) 1047, 1, No. fi, 281—describing the uat 
of a system of linear diffusion for assay of antibiotics Uslns 
test tubes partially filled with agar overlaid with n broth 
solution of the nntihlorlc, 
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for diffusion and for the measurement of inhibition zone 
length. 

Dilutions of antibiotics in nutrient broth are made tip 
and poured into test tubes of such size as to accommodate 
two capillaries each. The volume of antibiotic solution 
is not important, about 2—4 ml being adequate. The test 
tubes containing antibiotic solution and capillaries are 
stoppered to prevent evaporation during incubation. 

By a proper choice of test organisms and nutrient solu¬ 
tion for each class of antibiotics, it is possible to find 
conditions which provide a sharp zone of intense aerobic 
growth of the test organism at the upper end of the in¬ 
hibition column. Above this zone of growth almost no 
visible growth occurs, due to the absence of oxygen. The 
position of this sharp zone of aerobic growth depends 
upon concentration of the antibiotic. When the seeded 
agar is made with nutrient broth, the linear relation of 
log concentration versus zone length is approximated over 
the range from below 1 unit to above 1000 units per ce 
of streptomycin. If the seeded agar is made without 
nutrient, improved slope (zone length increase for a ten¬ 
fold increase in concentration) results, but with a radical 
deviation from linear of the log concentration versus zone 
length curve. 

Automatic devices have been provided for Tapid read¬ 
ing of zone lengths and for cleaning of capillaries and 
test tubes with steam after completion of the experiment. 

The method has been applied successfully to the assay 
of streptomycin, dihydrostreptomycin, penicillin-G, and 
an alkyl thiomethylpenicillin using B. subtilis spores. 
Sharper zones of aerobic growth have been produced in 
assays of streptomycin than of penicillin, but the method 
appears to be adaptable to any diffusible antibiotic. The 
special conditions optimal for this test depend strikingly 
on the antibiotic being tested, upon the composition of 
the nutrient broth, and upon pH. 

A standard curve is prepared from a series of known 
dilutions of the antibiotic, and the potencies of the un¬ 
knowns are referred to thin, curve. 

Test procedure and equipment for carrying it out, us 
well as factors determining slope, sharpness of zones, and 
other aspects of performances, will be described elsewhere. 

Potentiality for Testicular Recrudescence 
during the Annual Refractory Period 
of the Golden-crowned Sparrow 

Aldan H. Miller 

Umoum of Vortabrato Zoology, 

Univertiiy of California, Borketay 

The inability of the pituitary-gonad mechanism of 
adult and Immature golden-crowned sparrows (Zono- 
trichia ooronata ) to respond to light stimulation in the 
early autumn following arrival on the winter range has 
been demonstrated by experiments recently reported (J). 
This refractoriness was thought to be an attribute of the 
pituitary gland, but conceivably the gonad is refractory 


instead, or in addition. In the autumn of 1948, during 
the refractory period of this species, gonadotropic hor¬ 
mone was administered to five males; two others served 
ab controls. Pregnant mare serum was used (gonadin) 
from a preparation kindly furnished by the Gutter Labo¬ 
ratories of Berkeley. Dally dosage consisted of 1 cc of 
serum which contained approximately 50 international 
units. Controls received the same amount of physiologi¬ 
cal saline. Injections were made intramuscularly In the 
breast. Treatment began on October 19, some two weeks 
after completion of the fall migration, and all birdB 
were autopsied by November 3 before the known conclu¬ 
sion of the light-refractory period. 

The response of the testis was rapid and decisive in 
all experimental individuals. Increase in volume of the 
left testis from less than 1 mm 3 to 4.2 mm 11 occurred in 
4 days; and one individual at the end of 14 days attained 
a testis volume of 20.9 mml Histologically this largest 
testis had reached stage 4 of Blanchard (I), with func¬ 
tional interstitial cells and primary spermntocyteB in 
synapsis. The controls showed volumes of 0.26 mm 3 and 
0.78 mm 3 at the end of the experiment on November 3. 

The results indicate that the testis is able to respond 
to follicle-stimulating hormone during the period when 
this species of sparrow is rofFactory to increasing light 
dosages. The experiment, of course, does not eliminate 
the possibility that the testis at that time is unresponsive 
to the gonadotropic hormone of its own pituitary or thnt 
it may have a somewhat elevnted threshold of response 
during that period. There seems no doubt, however, that 
the testis is capable of recrudescence if given a sufficient 
stimulus. Moreover, this is true equally of the immature 
testis thnt hns never before enlarged and of the adult 
testis that previously has been functional, since both im¬ 
mature and adult birds were included in the experiment. 

Kirschbaum ct al . (f?) have reported that the testis of 
young male English sparrows (Passer domesticus) can be 
stimulated at an early age by pregnant mare serum; 
adults also respond. However, in this species Refractori¬ 
ness to light stimulation occurs only in the adult in the 
autumn, immature birds showing recrudescence at that 
season, according to Biley (4). Nevertheless, the situ¬ 
ation seems to be similar in the two species with respect 
to the capability of the testis to respond at all times to 
gonadotropic hormone and the apparent responsibility of 
the pituitary for refractoriness to light when and if this 
appears- Caution must be sounded against assuming that 
there are identical physiological mechanisms or systems 
of response in these species of sparrows, for the English 
sparrow is actually misnamed a aparrow and belongs to 
the weaver finch group, currently recognized as a family 
distinct from the FringlUidae to which the golden- 
crowned sparrow belongs. Moreover, the English spar¬ 
row is nonmigratory. 
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Comments and Communications 


Action of Coal-tar Dyes and Related 
Compounds on a-Amino Acids 

Recently, It was found (SohOnbem, Moubashkb, mid 
Mustafa, J, Chem. 8oc,, London, 1948, 17fl) that bac¬ 
teriostatic agents related to bonzil, e.g., 2-hydroxy-2'- 
methoxybenzil are capable of reducing a-amino acids 
having the structure (I) to the corresponding aldehydes 
containing one less carbon atom, in an aqueous medium 
under physiological conditions of temperature and pH 

(e.g., alanine-► acctnldohyde; phenylaminoaeetic acid 

-» benzaldehyde). The theory was advanced that the 

bacteriostatic action of these substances is connected 
with this reduction, since they destroy aamino acids es¬ 
sential for the bacterium and they interfere with its 
enzyme system. 

Systematically investigating substances showing bac¬ 
teriostatic action, wo found that crystal violet and mala¬ 
chite green (Jordon and Barrows, Comp, textbook of 
bacteriology , ]3th ed., 1941, p. 69) rapidly reduce 
a-amino acids and we wish, ns in the case of 2-hydroxy- 
2'-methoxybonzil, to connect their bacteriostatic action 
with their power of reducing a amino acids. 

The spermntocidnl action of certain triphenylmethane 
dyes and of p-quinones, e.g., toluquinone and crystal vi¬ 
olet (ScHbNBERG, ct al„ loc. cit. r and Clark, Applied 
pharmacology , 7th ed., London: 1940, p. 564), should be 
explained in a similar manner. 

It seems that n general principle has been found which 
enables us to predict that water soluble substances cap¬ 
able of reducing a-nmino acids to the corresponding al¬ 
dehydes containing one less carbon atom will show bac¬ 
teriostatic and spermatocidal nction. 

The parent substance of these coal-tar dyes, namely 
triphenylearbinol, Is also capable of bringing about the 
reduction of a-amino acids, because its hydroxyl group 
is very active. 

As triphenylearbinol is not easily soluble in water, itB 
action, on a-amino acids was studied in a mixture of water 
(2 vol.) and acetic add (8 vol.). The reduction pro¬ 
ceeds as follows: 

H 

(G,H„) jCOH + R—0—CtoOH-> 

NH, 

(C.HaJ.CH + ECHO + NH, + 00, (I) 

Crystal violet (1.5 g), phenylaminoaeetic acid (0.3 g), 
and water (50 oo) were refluxed for 40 min In a stream 
of carbon dioxide in a distilling flask provided with n 
condenser dipping into an aqueous-alcoholic solution of 
phenylhydraaine hydrochloride; bensaldehyde phenylhy- 
dr&rine (0.2 g) was obtained. 

Alexander BobOnsbro and Radwan Moubabher 
Department of Chemistry, Fouad T University 
Abhnaein—Cairo (Egypt) 


Neurospora as an Object of Genetic Study— 
a Correction 

In summarizing the history of the study of Neurospora 
(Science, 1948, 108, 735), David M. Bonner has written: 
"The life cycle of this organism hod been worked out 
by tho mycologist, Dodge, and the usefulness of Neuro¬ 
spora as a genetic tool had been demonstrated by the 
geneticist, Lindegren. M This statement implies a some¬ 
what startling disparagement of the important and 
widely recognized contribution to biology' embodied Id 
tho series of papers on Neurospora published by B. O. 
Dodge. In justice to all concerned, and for rectification 
of the historical record, a further note seems necessary. 

The very earliest of the accounts of Neurospora , that 
published by Shear & Dodge in 1B27 (J. apri’e. Res., 34, 
1019), dealt not only with the taxonomy and life cycle 
(connection of conidial and ascigerous stages) of the 
genus, but also with hybridity and with the most Im¬ 
portant of its genetical properties, heterothnllism. A 
sequel, published by Dodge in the same year ( J . agric. 
lies., 35, 289) described the eytological bases for hetero 
and liomothallism in Neurospora . In 1928 (J. agric. 
Res., 30, 1) Dodge reported an amplification of his orig 
inal study of interspecific hybrids in the group, and the 
recovery of the parental types, and later in the same 
year ( Mycologia , 20, 220) the segregation of parental 
types in conidia borne on miktohaplontic mycelium. In 
1920 Dodge demonstrated the place of segregation of 
mating factors and of factors for conidial types (Afyco- 
logia, 21, 222; 22, 9), and in 1931 issued a study of the 
inheritance of these factors in interspecific crosses (Mpco- 
logia, 23, 1). Early in 1932 (Torrey Dot. Club Bull., 
50, 517) he refuted a claim that tho fructification of 
Neurospora is apogamoua. 

For an organism to be a useful genetic tool it should 
be, one would suppose, capable of easy cultivation, am 
phimictic, and possessed of readily distinguishable alleles. 
In addition to these, Neurospora possesses further sources 
of usefulness not shared by most genetic material: 1) the 
haploid generation is susceptible of Indefinite propaga¬ 
tion and multiplication, so that there can be produced 
any number of identical cells of known genetic composi¬ 
tion and capable of behaving as gametes; 2) the exact 
eytological interrelations of all the cells arising from ■ 
single zygtfte can be determined, so that eytological and 
genetic phenomena can be directly correlated; and 3) all 
the products of a single meiosis can be recovered, related, 
and identified, so that the exact products of one meiosis, 
rather than the statistical results of many, can be ana¬ 
lysed. All of these attributes of Neurospora Were dem¬ 
onstrated by Dodge In the papers cited; and in more than 
one place he pointed out that Neurospora is a profitable 
and significant object of genetical study. All of this 
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work was in print before the publication of Lindegren’s 
first paper on the genus (Torres Bot. Club Bull., 59, 85). 
Because of Dodge's demonstration of “the usefulness 
of Neuroapora as a genetic tool,” T. H, Morgan had 
asked for cultures of the species and strains employed 
In Dodge's studies; those Morgan subsequently turned 
over to Lindogren. Beginning in 1982 both Dodge and 
Lindegren made frequent contributions to the growing 
knowledge of the genetics of Neuroapora ; and Dodge’s 
work continues. It does not detract in the least from 
the considerable interest of Lindegren's work to insist 
that the discovery and development of these fungi as 
means of bringing to light additional knowledge of 
genetic processes were accomplished by “the mycologist, 
Dodge,” before Lindegren ever undertook work on the 
group. 

With the record set straight on the one point, a 
moment's attention may be devoted to a matter of 
terminology. A mycologist, it is assumed, is one who 
works with, studies, and knows something abount fungi, 
A mycologist, like a bacteriologist, botanist, zoologist, 
or microbiologist, may be a taxonomist, morphologist, 
cytologist, physiologist, geneticist, or ecologist, or several 
or all of these. One group of subdivisions of biology, 
according to organisms studied, is intersected by the 


other, based on aspects studied; thus far no_ two of them, 
fortunately, are mutually exclusive. 


New York Botanical Garden 


Donald P. Rooers 


Reply to D. P. Rogers 

In a recent paper published in Science (1948, X08, 
735), I summarized very briefly the work leading to the 
adoption of Neuroapora by G. W. Beadle and E. L. 
Tatum for investigation of the genetic control of bio¬ 
chemical reactions. It is difficult in a few words to do 
ample justice to various investigations spanning a num¬ 
ber of years, and D. P. Rogers has written outlining 
much more fully the fundamental contributions of B. O 
Dodge to the biology of Neurospora. I agree with 
Rogers 1 insistence that discovery and development of 
Neuroapora as a genetic tool should be credited to Dr. 
Dodge. 

In terms of the use of this organism for investigations 
in the field of biochemical genetics, however, one cannot 
omit the contribution of C. C. Lindegren. Lindegren's 
work on the genetics of Neuroapora played an important 
role in the selection of this organism by Beadle and 
Tatum. Thus I feel that the investigations of both 
Dodge and Lindegren merit particular mention when 
discussing the biology of Neurotpora. DjmD M Ronnfr 

Osborn Botanical Laboratory , Yale University 
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NEIVS 

and Notes 

Edwin J. Cohn, professor of bio¬ 
logical chemistry, Harvard Medical 
School, and chairman of the Medical 
Sciences Division of the Faculty of 
Arts and Sciences, has been named 
a university professor of Harvard, 
Dr. Cohn is the first scientist to 
hold a university professorship. His 
appointment follows the retirement 
last year of Roscoe Pound, the 
Brst scholar to receive the appoint¬ 
ment. The other university pro¬ 
fessors are: Werner W. Jaeger, 
classicist; Sumner H. Slichter, 
economist; and I. A. Richards, 
humanist. 

Edwin H. Land, president and 
director of research of the Polaroid 
Corporation, Cambridge, Massachu¬ 
setts, ib planning a trip to England 
and the Continent for the late spring. 
May 31, ho will address the Royal 
Photographic Society on M A Now 
Camera and One-Step Photographic 
Process, 11 June 1, The Royal Insti¬ 
tution on " Optical Polarizers,' } and 
June 2, The Physical Society on "A 
Color Translating Ultraviolet Micro¬ 
scope. 1 ' 

Dugald E. S. Brown, director of 
the Bermuda Biological Station for 
Research, has been appointed chair¬ 
man of the Department of Zoology at 
the University of Michigan. He will 
assume his duties on September 1, 
succeeding George R. LaRue, who 
will continue as professor of zoology. 

Clarence Crafoord, cardiac spe¬ 
cialist of Sweden, has been made an 
honorary doctor of medicine by the 
University of Grenoble, France. On 
May £8, his 50th birthday, Dr. Cra¬ 
foord will receive a fund raised by 
the Swedish people to support his 
work in heart surgery. 

Henry De Wolf Smyth, chair¬ 
man of the Department of Physics, 
Princeton University, has been ap¬ 
pointed a member of the U. S. 
Atomic Energy Commission. Dr. 
Smyth was the author of "Atomic 
Energy for Military Purposes, * 1 


the U. S. official report on the de¬ 
velopment of the atomic bomb. His 
appointment follows the resignation 
of Robert F. Bacher who will be¬ 
come professor of physics and chair¬ 
man of the Division of Physics, 
Mathematics, and Astronomy of the 
California Institute of Technology, 
effective this summer. 

Norman R. Beers, head of the 
meteorology group at Brookhaven 
National Laboratory, has been ap¬ 
pointed editor of Nucleonics. He 
will continue as consultant for the 
Department of Reactor Science and 
Engineering at Brookhaven. 

George P. Berry, associate dean 
of the School of Medicine and Den¬ 
tistry at the University of Rochester, 
has been appointed dean of the Har¬ 
vard Medical School, effective July 1. 
Dr. Berry succeeds C. Sidney Bur- 
well, who has resigned to devote his 
full time to teaching and research. 

Visitors to U. S. 

Jens Nielsen, medical director of 
Radium Center and Finsen Institute, 
Copenhagen, was a recent visitor at 
the Argonne National Laboratory, 
Chicago. 

Alexander Muir, chief of the Soil 
Survey in England and Wales, and 
head of the Department of Pedology 
of the Rrtthamsted Experimental 
Station, is visiting soil survey groups 
in various parts of the country. He 
will also serve as a delegate at the 
United Nations Scientific Conference 
on the Conservation and Utilization 
of Resources, to be held in New York 
this full. 

Grants and Awards 

Ths University of Buffalo has 
been granted $20,370 by the Veterans 
Administration for research on 
1 1 Psychological Adjustment to Hem¬ 
orrhage and the Fate of the»Trana- 
fused Red Blood Cell." The grant, 
made through the National Research 
Council, is for one year and is re¬ 
newable as the project continues. 
John D. Stewart, professor of sur¬ 
gery, and chairman of the Depart¬ 
ment of Surgery of the Medical 
Sehool, will head the project He 
will be assisted by three major in¬ 


vestigators : Edgar L. Hummel, 
hematologist; Joseph G. Hoffman, 
biophysicist; and Irving Rudman, 
surgical assistant. 

The Torrey Botanical Club has 
made awards from its Mary S. An¬ 
drews Research Fund to Robert T. 
Clausen, Department of Botany, Cor¬ 
nell University, for a taxonomic 
study of the genus Sedum in the 
Sierra Madre Oriental of Mexico; 
to Richard Goodwin, Connecticut 
College, for a study of fluorescing 
substances in roots; to Charles 
Ileimsch, University of Texas, for 
comparative anatomical studies of 
angioapermouB families; and to 
Brother Leon, Colegio de La Salle, 
to assist in the preparation of vol¬ 
umes on the Flora de Cuba. 

The New Orleans Academy of 
Sciences and the American Associa¬ 
tion for the Advancement of 
Science have awarded their 1940 
research grant to H. S. Mayerson 
and J. K. Hampton, Jr., both of the 
Department of Physiology, Tulane 
University School of Medicine, to 
further their investigations of the 
histological site of deposition of fer¬ 
ritin in the kidney, 

Fellowships 

The Department of Physics, 
University of Southern California, 
has announced the availability of 
graduate teaching and research as- 
gistantahips for the academic year 
1949-50, Half-time assistants, with 
12 hours of laboratory supervision a 
week, will receive tuition plus $800 
to $1,000. Applicants should write to 
John R. Holmes, Department of 
Physics, University of Southern Cali¬ 
fornia, Los Angeles 7. 

The American College of Physi¬ 
cians has announced that a limited 
number of fellowships in medicine 
will be available from July 1, 1950 to 
June 30, 1951. They will provide 
research training in the basic medical 
sciences or in their application to 
clinical investigation at a.Stipend of 
$2,200 to $3,200, facilities to be 
provided by the laboratory or clinic 
chosen by the applicant. Applica¬ 
tions may be obtained from the 
American College of Physicians, 4200 
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Pine Street, Philadelphia 4. Awards 
will be announced in November, 1946. 

Colleges and Universities 

Marshall College, Huntington, . 
West Virginia, laid the cornerstone 
of its (2,000,000 science building last 
month. The structure, to be com¬ 
pleted in 1950, will house classroom 
and complete laboratory facilities 
for the biology, botany, zoology, 
geology, chemistry, and physics de¬ 
partments. 

The McCollum-Pratt Institute 
of Johns Hopkins University will 
begin July 1 the trace element studies 
made possible by a gift from John 
Lee Pratt in January, 1948 (see 
Science, 107, 180). William D. Mc- 
Elroy has been made director of the 
Institute, and Robert Ballantine and 
Alvin Nason have been named staff 
members. The unit plans to study 
the role of micronutrients In the me¬ 
tabolism of plants and animals, to 
hold periodic conferences on research 
problems, and to make available pre- 
end post-doctoral fellowships in the 
field of micronutrients. 

Meetings and Elections 

ASA 20th Anniversary. The 
American Acoustical Society held its 
20th anniversary meeting in New 
York City May 5-7. Tlje theme of 
the meeting was ‘' Acoustics and 
Man, ’ 1 and papers were classified ac¬ 
cording to function in the following 
categories: "Acoustics in Communi- 
cation } f \ 11 Acoustics in the Arts"; 

1 * Acoustics in Comfort and Safety ’ 1 ; 
mid "Acoustics in Research." In¬ 
vited papers on these subjects were 
presented, in addition to the con¬ 
tributed papers. 

Vein O. Knudsen warned that in 
many occupations, such as riveting, 
blasting, and jet propulsion, noise 
levels are so high that the health of 
workers is endangered. A noise 
level from 120 to 150 decibels "can 
destroy hearing, excite vestibular 
disturbances, and cause other seri¬ 
ous injury," he said. In subways 
the level often reaches 100 decibels, 
England, Sweden, Denmark, and 


Holland have sound-insulation pro¬ 
cedures worthy of emulation, Dr. 
Knudsen said, and he recommended 
stricter zoning and building codes 
for this country. Another speaker 
who decried noise was Leo L. 
Reran ok, and he proposed adequate 
sound-proofing to combat it. V, S. 
sound-proofing standards are much 
lower than those in England and 
other countries, he said. 

William B. Snow described means 
for controlling some of the noisiest 
of industrial operations. In a ram 
jet motor test station operated by 
John Hopkins University during the 
war test cells were built with double 
concrete walls separated by dead air 
space, Hnd the cells were enclosed 
with heavy double doore pulled 
against rubber seals. 

Homer Dudley presented a paper 
by T. H. Tarnoczy, of Budapest, 
predictiug that scientists may well 
develop electrical devices which 
will analyze and synthesize speech 
sounds "so that the human voice 
can give commands which will be 
. . . carried out automatically with¬ 
out the intervention of a single 
human hand. 1 ' 

Harry F. Olson stated that educa¬ 
tion and culture have been as much 
advanced by the reproduction of 
sound through the telephone, radio, 
phonograph, and motion picture as 
they wcto by the invention of the 
printing press. 

Philip Morse said that one of the 
qtajor lessons of war research was 
the immense value of close coopera¬ 
tion among specialists in varied 
fields. "We have no iron cuTtains 
in science in this country," he said, 
"nor will we as long as we keep 
our channels of intercommunication 
open and busy." Because progress 
in one field often produces results 
applicable in another, Dr. Morse 
feels that it behooves scientists to 
keep abreast of developments on the 
entire front of scientific research. 

A sensitive electro acoustic instru¬ 
ment for detecting gallstones was 
described by E. G. Thurston. 
Passed along the bile ducts, the in¬ 
strument, when is reaches a gall¬ 
stone, produces a clicking sound in 
headphones worn by the surgeon, 


A founders ’ luncheon was at¬ 
tended by a considerable fraction 
of those far-seeing members who 20 
year* ago assembled on the roof of 
the Bell Telephone Laboratories at 
403 West Street for a photograph, 
after completing the plans for or¬ 
ganization of the Acoustical Society 
of America. This group was photo¬ 
graphed again at the recent lunch¬ 
eon, 20 years older, 20 decibels 
wiser. These founders could be 
identified by their white carnations 
and justifiable air of pride. 

Since the society got its start at 
the Bell Telephone Laboratories, it 
was appropriate that Friday should 
be spent in a tour of the beautiful 
new Bell Laboratories at Murray 
Hill, New Jersey. Half the day 
was spent in visiting various por¬ 
tions of the laboratory devoted to 
acoustical research, and the other 
half In attending a series of demon¬ 
stration lectures in the Arnold 
Auditorium. We all know that sound 
will travel around curves inside s 
tube, but Winston E. Cook showed 
sound following a curve along the 
outside of a rod covered with discs 
about the size of a penny and half 
an inch apart. 

Harvey Fletcher, first president of 
the society, was presented with a Cer¬ 
tificate of Honorary Membership by 
his one-time student, Vern O. Knud¬ 
sen. Divertissement was conducted 
by the society f a humorist, Pat Not- 
ris, who outlined the advances in 
acoustics made during his 20 years 
of membership, starting with the 
open window unit of sound absorp 
tion and ending with the vastly im¬ 
proved modern sound recording sys¬ 
tems which now require three turn¬ 
table speeds instead of one. 

Flotd Frans tone 


Those wishing to submit papers 
on education at the AAAS De¬ 
cember meeting should mail ab¬ 
stracts of proposed topics to D. A. 
Worcester, Secretary, Section Q, 
Department of Educational Psy¬ 
chology and Measurements, Uni¬ 
versity of Nebraska, Teachers 
Collage, Lincoln 8, Nebraska, not 
later than July I. 
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The American Institute of 
Chemlite at its annual meeting May 
6, In Chicago, announced the elec¬ 
tion of the following councilors; . 
councilor for one-year tern: Boy 
H. Kienle, director of application 
research, C&lco Chemical Division 
of American Cyanamid Company, 
Bound Brook, New Jersey; coun¬ 
cilors for three-year terms: Donald 
Price, technical director, Oakite 
Products, Inc., New York City; 
Charles P. Neidig, Chemical Prod¬ 
ucts Division, Atlantic Refining 
Company, Philadelphia; and Charles 

C. Concannon, chief of Chemical 
Division, Bureau of Foreign and 
Domestic Commerce, Washington, 

D. 0. 

NRC News 

The National Research Council has 
announced 15 awards of the Na¬ 
tional Research Fellowship* in the 
Natural Sciences. These fellow¬ 
ships are supported by an appro¬ 
priation from the Rockefeller Foun¬ 
dation, and are to aid the further 
training of persons who have demon¬ 
strated a high order of ability in 
research in the natural sciences. The 
fellowship program, one of the oldest 
in the sciences, has been continuously 
administered by the NRC for 30 
years. 

This year's awards were distri¬ 
buted among the fields of astronomy 
(1), biology (I), botany (2), chem¬ 
istry (4), mathematics (2), psychol¬ 
ogy (!)i physics (3), and zoology 
(1). The new fellows, the univer¬ 
sities and institutions at which they 
will study, and their subjects of re¬ 
search are: Robert 3. Banduraki, 
California Institute of Technology, 
mechanism of carotenoid pigment 
synthesis in plants; PAW ip J. Berah , 
Columbia University, effect of sever¬ 
able variables upon Action of secon¬ 
dary reinforcing stimuli; Jerome A. 
Beraon , Harvard University, the 
structure of emetine; Verne E. 
Orant t Stanford University, genetics 
and systematise of OUia muItioaulis, 
OUia aohilleae folia, and their allies; 
Walter E. Kaskan, Johns Hopkins 
University, spectroscopic compounds; 
Wiliam R. Krigbaum, Cornell Uni¬ 
versity, solubility of polymeric ma¬ 
terials; Edwin E. Moise, Institute 
for Advanced Study, the triangula¬ 


tion of classical 30 manifolds; Rich¬ 
ard 0. Recknagel, University of 
Wisconsin, enzyme localizations in 
tissue homogenates; Charles Max 
Stein , Institute Henri Poincaire, 
Paris, sequential estimation; Carl 
B. Seligman, Physikalisehes Institut 
der Eidg. Techn. Hochscule, Ziirich; 
quantum field theory and applica¬ 
tions to nuclear problems; Alfred 8. 
Sussman, University of Pennsyl¬ 
vania, metabolic changes induced by 
parasitism; Warren H. Watanabe, 
Columbia University, effect of sol¬ 
vent basicity on the rate of an acid 
catalyzed reaction; Mamhal H. Wru- 
bel, Princeton University Observa¬ 
tory, radiative transfer in interstellar 
Bpace; and Sydney C. Wright, Insti¬ 
tute of Nuclear Studies and the 
University of Chicago, the nature of 
fission, stars and spallation in high 
energy nuclear reactions. 

Fellowship renewed for another 
year: Norman M. Kroll , Institute for 
Theoretical Physics in Copenhagen, 
higher order effects in quantized field 
theories, and the problem of the 
deuteron. 

Deaths 

Raymond McCreary Harm, 40, 

chief of the Chemistry Section, Na¬ 
tional Institutes of Health, Bethesda, 
Maryland, died May 3 at the Marine 
Hospital in Baltimore. Dr. Hann 
joined the institute in 1929 and did 
research in sugar chemistry. 

William B. Harms, 72, professor 
emeritus of parasitology and ento¬ 
mology at the University of Cali¬ 
fornia, died May 10 of a heart 
attack at Berkeley, California. 

Harry M. Davis, 38, science editor 
of Newsweek, drowned in the Gulf 
of Mexico on May 10. Mr. and Mrs. 
Davis were vacationing at Biloxi, 
Mississippi at the time. 


An eight-man board of judges to 
determine the winners of two $1,000 
AAAS-Oeorge Weetinghouee Sci¬ 
ence Writing Awards for 1949 has 
been announced. The judges, chosen 
as representatives of the general pub¬ 
lic, science, newspapers and* maga¬ 
zines, are: Morris Meister, retiring 
president of the National Science 
Teacher* Association; Henry R. 
Aldrich, secretary, Geological Society 


of America; Detlev Bronk, presi¬ 
dent, The Johns Hopkins University 
and chairman, National Research 
Council; Kent Cooper, executive di¬ 
rector, The Associated Press; John 
R. Dunning, nuclear physicist, Co¬ 
lumbia University; Clifton Fadiman, 
a member of the board of judges of 
the Book-of-the-Month Club; Ru¬ 
dolph Flesch, readability consultant, 
and Edward Weeks, editor, The At¬ 
lantic Monthly . Dr, Master is chair¬ 
man of the board of judge*. 

One award of $1,000 will be made 
to the writer of what the judges con¬ 
sider to be the outstanding news 
story on science published in 1949, 
and the other award of $1,000 will go 
to the writer of the outstanding arti¬ 
cle on science published during the 
year in a general circulation, non¬ 
technical magazine. The awards will 
be presented next December 28 at the 
annual meeting of the AAAS in New 
York City. 

In announcing the judges, Howard 
A. Meyerhoff, administrative secre¬ 
tary of the AAAS, emphasized that 
the annual competition was estab¬ 
lished four years ago to encourage 
young writers to take up careers in 
science writing. 11 The young 
writer, ’ ’ he said, 1 'has a good chance 
to win $1,000 if his work shows in- 
i ti ati ve, ori ginali ty, scientific accu - 
racy, and clarity of interpretation. 
The only other requrement—and this 
is certainly not a formidable one—is 
that in the newspaper competition 
the contestan t must submit three 
science stories published during 1949 
as evidence of bona fide interest and 
continuity of effort in science writing 
for newspapers. There is ample time 
—four months remain—-for inter¬ 
ested news writers to qualify. ’ J 

Scienco writers honored in the past 
and no longer eligible for the $1,000 
award in the newspaper competition 
are: Howard W. Blakeslee, Asso¬ 
ciated Press; Watson Davis, Science 
Service; David Dietz, Scripps- 
Howard newspapers; Thomas B. 
Henry, Washington Star and North 
American Newspaper Alliance; Wal- 
demar Kaempffert, New Fork Times ; 
Gobind Behari Lai, American 
Weekly ; William Ia Laurence, New 
York Times; Herbert B. Nichols, 
Christian Science Monitor; John J. 
O’Neill, New Fork'Herald Tribune; 
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Robert D. Potter, writer and consul¬ 
tant; Jane Stafford, Frank Thone 
and Marjorie Van de Water, all of 
Science Service ; James G, Chesnutt, 
San Francisco Call-Bulletin ; George 
Heaney, New York World-Tele gram ; 
and Frank Carey, Associated Press. 
An award in the newspaper field, 
however, does not exclude a writer 
from competing for the $1,000 maga¬ 
zine award. 

• 

The Atomic Energy Com mis lion 

on May 22 issued the following state¬ 
ment concerning the fellowship pro¬ 
gram now being administered by the 
National Research Council: 

"Since the fellowship program is 
entirely supported by Federal funds, 
each AEC fellow, whether his study 
Is in secret or non-secret fields, who 
desires to continue participation in 
the program, will l>e required to 
execute an oath to support and de¬ 
fend the Constitution of the United 
States and an affidavit that he is not 
a Communist or a member of any 
organization advocating the over¬ 
throw of the United States Govern¬ 
ment. The oath and affidavit are 
similar to those which are required of 
all government employees. 

"The action taken with respect to 
the Oath and affidavit to be executed 
by fellows is in accord with state¬ 
ments made this week by officers of 
the Commission, the National Re¬ 
search Council, and the National 
Academy of sciences appearing be¬ 
fore the Congressional Joint Com¬ 
mittee on Atomic Energy and the In¬ 
dependent Office Bultoommittee of the 
Appropriations ^Committee of the 
Senate. 

"The officers of the Academy and 
the Council also outlined to the Con¬ 
gressional Committees the responsi¬ 
bilities those bodies bear under their 
terms of organization to serve gov¬ 
ernmental agencies (1) by advising 
on scientific matters and (2) on the 
request of governmental agencies by 
carrying on specific programs within 
the field of their scientific compe¬ 
tence. The work of the Council in 
the AEC fellowship program is un¬ 
dertaken to discharge the second of 
these responsibilities. 

The Executive Committee of the 
National Research Council will con¬ 
sider in accordance with their usual 
practice additional modifications in 


the procedures to be used in the 
future for selection of those to re¬ 
ceive fellowship awards. 

"Of the 497 present fellows in the 
medical, biological and physical sci¬ 
ences affected by today's aetion, 240 
are holders of fellowships to become 
effective in the 1949-50 academic 
year afteT July 1, 1949; 257 are at 
work under fellowships for the cur¬ 
rent academic year. Of these Jat ter, 
103 have been investigated by the 
FBI and cleared by the Commission 
for access to restricted data, since 
they are engaged in secret research 
and study. The remaining 154 are 
doing uon-sccret research and 
study . 11 

The Federation of American 

Scientists issued the following state¬ 
ment on May 5 concerning tho dis¬ 
missal of Ralph Spltzer by A, L. 
Strand, president of Oregon State 
College: 

4 * Tho Federation of American 
Scientists is concerned about impli¬ 
cations for scientific freedom in¬ 
volved in the charges made by Dr. 
A. L. Strand, president of Oregon 
State College, in justifying his de¬ 
cision not to renew the contract of 
Dr. Ralph Spitzer, associate profes¬ 
sor of chemistry. The basic charge 
made against Spitzer is that he is a 
follower of the Communist party line. 
Statements received by the Federa¬ 
tion from Spitzer and Strand show 
that the only evidence presented pub¬ 
licly in support of the charge against 
Spitzer is a letter written by him to 
a technical journal. From this 
Strand concludes that Spitzer 'quotes 
the charlatan Lysenko in preference 
to what he must know to be the 
truth. . . . Any scientist who has 
such poor power of discrimination so 
as to choose to support Lysenko's 
Michurin genetics against all the 
weight of evidence against it is not 
much of a scientist, or, a priori, has 
lost the freedom that an instructor 
and investigator should possess.' 
Spitzer pointed out that in his letter 
he did not 'support or accept Ly¬ 
senko r B theories.' 

Without passing judgment on the 
validity of any biological theory, 
the Federation nevertheless is con¬ 
cerned about the issue of orthodoxy 
In scientific thought which appears to 
be raised in the charges of the Ore¬ 


gon State College president. No 
scientific theory is ‘ right 1 or ‘ wrong' 
just because it is espoused by a par- 
. ticular national group or government. 
The validity of scientific theories 
ought to be determined, now and in 
the future, just as it lias in the past 
—by experimental methods. It is 
deplorable that Lysenko's theory has 
been made a matter of national 
policy of the USSR; it would be 
equally deplorable to make any 
theory, in any field of science, a 
matter of national doctrine. There 
is no surer way to stifle science. 

Present scientific knowledge doeB 
not entitle anyone to be dogmatic 
about the nature of hereditary pro¬ 
cesses. Genetic theory is Undergoing 
continuous modification under the 
impact of new facts gathered both 
in the United States and abroad. 
This process in hindered when decree 
is substituted for the time-tested 
method of experiment and scientific 
discussion—whether this is done by 
exponents of the Lysenko school, or 
by the president of Oregon State 
College. In the long run, the princi¬ 
ple of free scientific thought and 
opinion will prove more important 
than the fate of any individual 
theory . 91 

Make Plans for— 

American M edical Association, 

annual meeting, Juno 6-10, Atlantic 
City, New Jersey. 

American Neurological Associa¬ 
tion, annual meeting, June 13-15, 
Chalfonte-Haddon Hall, Atlantic 
City, New Jersey. 

Molecular Structure and Spec¬ 
troscopy Symposium, June 13-17, 
Mendenhall Laboratory of Physics, 
Ohio State University, Columbus. 

Pacific Division of the AAAS, 
30th annual meeting, June 13-18, 
University of British Columbia, Van¬ 
couver. 

American Mathematical Society, 
3rd annual symposium in applied 
mathematics, June 14-16, Univer¬ 
sity of Michigan, Ann Arbor. 

American Society of Mammalo- 
gista, annual meeting, June 14-17, 
U. fl. National Museum, Washington, * 
a O, 
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The Education of a Scientific Generalist 

Hendrik Bode, Frederick Modeller, John Tukey, and Charles Winsor 

Physical Research Department, Bell Telephone Laboratories, 

Department of Social Relations, Harvard University; 

Department of Mathematics , Princeton University; and 

Department of Biostatistics of the School of Hygiene and Public Health, 

The Johns Hopkins University 


T he complexities of modern sci¬ 
ence ond modern society hove created a 
need for scientific generalists f for men trained 
in many^eldta of science. To educate such men effi¬ 
ciently would require modified courses nnd new ones. 
However, a pood beginning cun be made now with 
courses which are available in many colleges and 
universities. One such program is set forth here. 

General Considerations 

The central problem. Scientific und technological 
advances hnve made the world we live in complex 
and hard to understand. We have today large scale 
division of labor, complex and indirect methods of 
production and distribution, large communities and 
large areas held together by common channels of 
transport and communication, and operation with 
email margins of safety, requiring close and delicate 
control. All these complex and delicate activities 
produce scientific and technological problems of great 
difficulty. 

Science itself shows the same growing complexity. 
We often hear that “one man can no longer cover a 
broad enough field” and that “there is too much nar¬ 
row specialization.” And yet these complexities must 
be met—and resolved. At all levels, decisions must 
be made which involve consideration of more than a 
single field. 

These difficulties are most pressing in the borderline 
fields like physioal chemistry, chemical physics, bio¬ 
physics, biochemistry! high polymers, and the ap¬ 
plication of chemistry, physics, and mathematics to 
medicine. It is here that both the challenge of the 
problems and the difficulties arising from over-spe¬ 
cialization are greatest. We need a simpler, more 
unified approach to scientific problems, we need men 
who can practice science—not a particular science—in 
a word, we need scientific generalists. 

Research teams, aggregations of men of diverse 
skills working on the various aspects of single prob¬ 
lems, have been widely used and have accomplished 
much. Their use is certain to continue and expand. 


But the research team must have a leader to unify 
the group, whether he be director, coordinator, ot 
advisor. This leoder must work as a scientific gen¬ 
eralist, and we feel he would function better if trained 
with this in mind. 

There is n clear remedy for these complexities, both 
in education and in science, but its use will involve 
work and time. We must use the methods of descrip¬ 
tion and model-construction which, in the individual 
sciences, have made the partial syntheses we call 
organic chemistry, sensory psychology, and cultural 
anthropology. We must use these methods on the 
sciences collectively so that, eventually, one can learn 
science^ and not sciences. 

We BUggest that an attempt to unify science may 
reasonably start from the following ideas: 

1. All science began as part of “natural philos¬ 
ophy” and radiated outward. (Even in this modern 
day, it should be possible to recapture the universalist 
spirit of the early natural philosophers.) 

2. Scientific method is common to all sciences. 
(The difficulty that almost all scientists have in defin¬ 
ing scientific method does not lessen the importance 
of this fact.) 

3. Almost every science is more easily taught by 
using some of the equipment of the others. (This is 
generally admitted to be true for mathematics in 
physics, less generally for chemistry and physics in 
biology, to name two examples.) 

4. Statistics, as the doctrine of planning experi¬ 
ments and observations and of interpreting data, has 
a common relation to all sciences. 

5. Unification will be more easily attained if the 
logical framework of the individual sciences can be 
identified^and isolated from their factual content. 

The isolation of the logical framework of the sci¬ 
ences ie a long overdue first step toward a synthesis 
of science. What is the logical framework of organic 
chemistry?. Or equivalently, what are the character¬ 
istic ways in which a good organic chemist thinks and 
works? There ie no place where a student can learn 
this directly, no place Where it is set forth clearly, 
freed of as many detailed facts as possible. A second 
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step would be the development of courses within in¬ 
dividual sciences which really make uae of the mate¬ 
rial and equipment from the other sciences. 

A synthesis unifying the sciences is, at best, a long 
and difficult task. It is a problem that will take time 
to solve and we do not have a facile answer to it. 
We shall consider ways in which potential scientific 
generalists might, as undergraduates, be given the 
kind of background that would enable them to develop 
into real scientific generalists. Ours is frankly only 
an interim proposal; it makes no reiil synthesis. Yet, 
since the student will go deeply into parts of many 
sciences, he will learn something of the habits of mind 
of the chemist, psychologist, and geologist. These 
habits, and not subject matter, are what distinguish 
the sciences—for how else can we distinguish the chem¬ 
ical physicist from the physical chemist, the mathe¬ 
matical biologist from the biomathematician I 

Relation to Other Programs 

Generalists and scientific generalists . By confining 
ourselves to scientific generalists, we do not intend to 
undervalue the need of true generalists, trained in all 
disciplines, science among them. Science should be 
able to look to suoh true generalists for considered 
judgment about the fields where the greatest speed 
of development is needed, and then to the scientific 
generalist for help in attaining that speed. Acting 
alone, scientists are not competent to plan the training 
of the true generalists, so that, in spite of the great 
need of such men, it would be inappropriate for us 
here to attempt to lay out a program for their train¬ 
ing. Nonetheless, some aspects of the scientific gen¬ 
eralist's training bear on theirs. 

Liberal education. We do not believe that a satis¬ 
factory synthesis of the modem world can be achieved 
without incorporating within it science and the sci¬ 
entific method, which have had a major Bhare in 
shaping that world, and are still forcing the pace of 
change. First, however, wo must develop some satis¬ 
factory synthesis of science by itself, else how con we 
hope for the greater synthesis of a liberal education, 
in which science plays so large a partT 

Moreover, it seems clear that scientific methods of 
description and model-building are in many ways the 
most efficient intellectual techniques yet devised for 
covering a broad field quickly. Since any satisfactory 
program of liberal education involves covering an im¬ 
mense mass of material in a limited time, the most 
efficient techniques must be used. We lay stress in 
the generalist's education upon these techniques, and 
in particular upon taking advantage of the efficiency 
to be gained by using in each science some of the 
equipment of other sciences. We feel that similar 


efficiency could be gained in history, philosophy, and 
the “nonscientifio” fields by using these techniques. 
We Are not historians or philosophers. We can only 
say that we think historians and philosophers who 
are also scientific generalists seem most likely to begin 
this task. 

Finally, we believe that while the scientific general¬ 
ist's education is not intended primarily sb b general 
Liberal education, it may be a temporary approxima¬ 
tion to one. The program we outline baa room for 
enough nonscientific courses to meet the going min¬ 
imum standards of a liberal education as well as the 
program for a scientific specialist does today. A true 
generalist would, of course, require a much broader 
program. In spite of this, a college graduate with 
an education based upon the generalist's program 
might well be a better lawyer, businessman, or teacher 
of high school science than one with a classic liberal 
education or one with specialized training in a single 
field. 

The Scientific Generalist 

What is he? By a generalist—and we shall not 
bother to specify every time that we mean scientifla 
generalist—wc mean a man with training and a work¬ 
ing sense in many fields of physical and biological 
science. His principal interests may be broad or 
sharply defined, but he is exceptional in his breadth 
of appreciation. He may be working in pure science, 
or in the application of science to engineering, busi¬ 
ness, or industry. He may not be aa good a physicist 
as a student or research tnan who has been trained 
principally in physics, or as good a geneticist as the 
biologist who is trained in genetics, or as good an 
economist or engineer or psychologist as a specialist 
in those fields. But he has learned enough of these 
fields, and of the central tools of Mathematics and 
statistics, to bring to problems of almost any kind the 
ideas end broad tools of any combination of these 
many subjects that will speed and improve the work. 

We are interested here in the education of a gen¬ 
eralist during his four undergraduate years. These 
four years will not complete his education, any more 
than four years complete the education of a chemist, 
a psychologist, or an economist. After these under¬ 
graduate years, the budding generalist will go on with 
further study, presumably in some special field. The 
aim of the four undergraduate years is to give him 
h broad foundation and to open Mb mind to a wide 
range of scientific fields. Eventually, perhaps, there 
will be graduate training as a generalist, but until 
that day comes, specialised graduate study must serve. 

Who needs bimt First, any research group needs 
a generalist, whether it is an institutional group in a 
university or a foundation, or an industrial group 
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working directly on industrial problems. If the prob¬ 
lems are broad enough to require a group instead of a 
few isolated researchers, then there will be a place for 
a generalist. Many groups who now have generalists 
or near generalists do not recognize them as such, but 
think of them in terms of their specialties. 

In addition, any first-class administrator or policy¬ 
maker in fields related to science must be a generalist 
to a considerable degree, if only to foresee external 
influences which might rock the boat. For example, 
the production of plastics has radically affected almost 
all enterprises based on the manufacture of small 
intricate parts. A good administrator needs a gen¬ 
eralist's background in appraising the possible effects 
of going research, estimating its time of fruition, and 
judging the date and intensity of its ultimate impact 
on his organization. 

What would he do f Many illustrations of the con¬ 
tributions a generalist can make to a research group 
can be drawn from the recent war. The ability to 
isolate critical elements, to establish the essentials of 
the logical frnmework, to reduce the problem to a 
few critical issues, is essential in handling problems 
of military engineering and operations analysis; it 
is also the ability that the scientist uses every day in 
his own work. The scientists who were able to 
carry over and apply their methods of thought to 
other fields were able to assist largely in the solution 
of military problems. By working as generalists 
these scientists distinguished themselves from the spe¬ 
cialists, who found themselves baffled and uncom¬ 
fortable when confronted with unfamiliar and ill- 
defined issues. 

The problems of social engineering and economic 
engineering are similar to those of military engineer¬ 
ing in their need for immediate action, their con¬ 
fusing variety of aspects, the lack of definition of 
their issues, and, often, the lack of basic knowledge 
appropriate to tbeir solution. It seems not too much 
to hope that scientific generalists, amateur and pro¬ 
fessional, can do much toward developing these fields 
and solving many pressing problems. 

In an engineering group the generalist would nat¬ 
urally be concerned with systems problems. These 
problems arise whenever parts are made into a bal¬ 
anced whole—balanced so as to serve an end effi¬ 
ciently. It may be weights that are balanced, or 
sines, or complexities of component pieces of mechan¬ 
ism, or expense, effort, or research time applied to 
different phases of the problem. 

In the social sciences, the generalist would provide 
background in physical science and in scientific in¬ 
ference, and experience in the analysis of data and in 
use of mathematical methods and techniques, which 


together seem essential for that rapid development of 
Bocial science which we all agree is now so urgently 
needed. The generalist would assist in the construc¬ 
tion, interpretation, and modification of mathematical 
models. He would examine previous findings from a 
fresh viewpoint. The generalist would be able to as¬ 
sist in the design of experiments—still a fairly weak 
spot in most of the social sciences. Incidentally, he 
would assist in the development of statistics by dis¬ 
closing unsolved problems. 

In biological and medical science he would provide 
efficient interpretation of data and design of experi¬ 
ment, and—what is most important—would suggest 
physical explanations or mathematical models for 
known or conjectured facts. The need of such useful 
and stimulating people is probably better recognized 
in this field than in any other that we know. 

And finally, a student equipped with the under¬ 
graduate training of a generalist would have an ideal 
start toward becoming a consulting statistician, who 
must work with others on problems in many fields of 
science and technology. With this foundation, a grad¬ 
uate training in mathematical and theoretical sta¬ 
tistics would produce the best beginning of a consult¬ 
ing statistician that we can plan today. 

What is hti background f Most of the small num¬ 
ber of generalists that any institution might train 
during a year are, we think, going to have the fol¬ 
lowing characteristics: They will be planning, defi¬ 
nitely or tentatively, to go on to graduate study in 
some field. They will have interest and skill in sci¬ 
ence, fairly general and unspeoialized. They will 
have met and mastered competition in high school (ot 
preparatory Bchool) and will have the self-confidence 
to attempt an unusual and challenging course in col¬ 
lege. They will want to learn, and will be prepared 
to work hard. After a broad introduction to science, 
and after they have learned what the various fields 
of science are really like, and how the practitioners 
of those fields think and work, they will be able to 
make an intelligent choice between (1) some single 
field of science, (2) some borderline field between 
two or three sciences, and (3) the profession of being 
n generalist. 

Educating the Generalist Now 

Principlfis. There are certain principles that must 
govern any plan for educating a generalist—an in¬ 
terim plan using present-day courses or the efficient 
plan of the distant future. Some of these principles 
are general and will offend no one; others are specific 
and will bother some administrators and some sci¬ 
entists. Let us list three: 

1. The pregeneralist must study many fields of sci¬ 
ence deeply enough to understand their logical frame- 
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work and the approaches of their practitioners. , 

2. With the possible exception of a few tool sub¬ 
jects, the interest of the pregeneralist in factual in¬ 
formation is definitely secondary. 

3. Skipping prerequisites is to be encouraged. 

The idea of skipping prerequisites may seem 

strange and shocking, but the generalist as such will 
always be working on problems for which he has not 
had the normal training. He needs to learn to work 
well under these adverse circumstances during his col¬ 
lege years if he ib to prepare for his job realistically. 
Such flexibility will make administrative complica¬ 
tions, and will produce temporary discomfort for 
many instructors. 

Program . We now give an illustrative program, 
which is specific enough about individual courses to 
make these principles explicit: 


Assignment of 40 Sdimestvji Cofiisks 


Biology . . . . 

. 4 

StlltlHlICB . 

4 

Chemistry . . 

. 4 or B 

English . 

*\ 

Geology . . , . 

. 1 

Industrial processes . 

1* 

Mathematics 

. 6 

Judging . 

1* 

Physics 


Surveying . 

1 

Psychology 

0 

Distribution. 

. 8 or 7 


* IT these special courses are not available, the time 
freed is to be applied to Independent work or to dis¬ 
tribution. 

Summer Work 

1st: Summer surveying course listed above. 

2nd : Completion of the language requirement of a hrond 
reading knowledge In two Important scientific lan¬ 
guages (If possible by foreign study this summer), 

Srd : Work on a research or development project Involv¬ 
ing real engineering problems. 

Independent Wohk 

Junior Tear: Topic Involving economic considerations. 

Senior Year: Topic Involving at least two fields and 
preferably three. 

This program is a-definite overload, since it com¬ 
bines 40 semester courses with independent work. 
But the pregeneralist must be an unusual student, 
building on high precollege attainment. Any student 
who does not understand what he has studied will be 
useless as a generalist, and will have achieved a 
“smattering of ignorance P Since most schools allow 
students to limp along with low grades, the pregen¬ 
eralist's standing must be a full grade higher than 
that required in other programs. 

Besides carrying out his formal program, the pre- 
generalist should meet regularly with sympathetic and 
active graduate students and faculty members, for 
lunch, perhaps, or to drink beer. 

The regular courses. We take first the bulk of the 
program, reserving the special courses in English, 
industrial processes, and judging for a separate dis¬ 
cussion. 

The “distribution 11 courses will have real value for 
the generalist. History, philosophy, economics, the 


huinunitieH, and the BOcial sciences come here. Some 
educators might emphasize the need for a course in 
social change and cultural lag, others would put the 
emphasis elsewhere. We cannot plan these distribu¬ 
tion courses now; their planning should involve all 
departments, and should probably not be too rigid. 

Next come the courses in various fields of science. 
While specific courses are stated, it is always permis¬ 
sible to replace any course by a more advanced course 
in the same field . 

In biology, where we include paleontology, paleo¬ 
botany, physiological psychology, and the like, there 
aro to be four courses. What shall they bet We do 
not feel prepared to make really detailed suggestions, 
and can only point out that it is essential that not all 
of the courses be nt the elementary or near elementary 
level. It has been suggested by one of our friend* 
(K. W. Cooper) that if four semesters of work in 
biology were lo be given to such students, the mosl 
desirable plan might be: (1) cellular biology or gen¬ 
eral physiology (from the viewpoint of transfer of 
energy, intermediary metabolism, physiology), (2) 
comparative anatomy (from the developmental and 
truly comparative point of view), (3) the problems 
of genetics (persistence and change of hereditary pat¬ 
terns), and (4) evolution and the evolutionary record. 
If such a program were available at any institution, 
we would gladly recommend it as one good set of four 
courses for the training of a generalist. 

The four or five courses in chemistry we propose 
must give the future generalist a bird's-eye view of o 
broad field. Hence, we advocate a large amount of 
skipping around: one or two semester courses in ele¬ 
mentary chemistry, one semester in organic chemistry, 
one semester in physical chemistry, and one semester 
or none in an advanced elective. To the chemist, the 
idea of taking one semester of organic chemistry and 
then jumping to one semester of physical chemistry 
may seem strange, wild, and unwarranted. But the 
student generalist wishes to learn how a chemist 
thinks, bow problems are approached, and in whal 
general direction he may learn things once they seem 
necessary or useful in a particular problem. One 
semester of organic chemistry (whatever classes of 
compounds are discussed) and one semester of physi¬ 
cal chemistry (whatever branches are included) will 
do much to orient him and give him a basis on which 
be can build later as needed. He will know enough 
physics and mathematics to learn physical chemistry. 

Only one course is listed in the field of geology, since 
paleontology, paleobotany, and the like were included 
under biology. Just which course is to be taken can 
safely be left to the choice of the student. 

In mathematics there are standard courses avail¬ 
able: four semester courses or less in elementary 
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mathematics through calculus and differential equa¬ 
tions, one semester in complex variables, and one or 
more semesters of advanced electives. These courses 
seem to need little comment. 

In physios (where we include astronomy) the situa¬ 
tion is also simple, for the courses which should be 
taken are available at most institutions. Here we 
suggest: two semester courses in elementary physics, 
one or two semesters in electricity (circuits and 
waves), one semester in physical measurements, and 
one or two semesters of advanced electives. We feel 
thut a.knowledge of electrical circuits and the asso¬ 
ciated knowledge of the uses and behavior of electron 
tubes would be an essential tool for a generalist in 
almost ’all the fields that interested him. The other 
courses seem to us to require little explanation. 

Two courses are proposed in psychology: one 
semester course in experimental psychology, and one 
in systematic psychology. Experimental psychology 
will include laboratory work. Systematic psychology 
will be a study of psychological problems and theories, 
with some emphasis on methodology and classic ex¬ 
periments. It will provide a theoretical interpreta¬ 
tion for the experimental course. Here the essentials 
seem to be (1) learning how the psychologist ap¬ 
proaches his problems, and (2) acquiring an appre¬ 
ciation of the complications and difficulties which the 
human observer always introduces into any experi¬ 
ment or study. 

In statistics we propose four semester courses, 
which can probably be found at a few instituLions 
where the training in statistics has been well organ¬ 
ized and developed: one or two semester courses in 
elementary mathematical statistics, one semester in 
design and analysis of experiment with practical 
work, and one or two semesters in advanced mathe¬ 
matical statistics, including multivariate methods and 
the use of order statistics. Because statistics is one 
of the main tools for applying the quantitative method 
to any field of science, we feel that four semester 
courses are by no means too many. We feel that 
statistics is a distinct field, rather than a branch of 
mathematics under anew name. 

English has been allotted two semester courses in 
composition. These should be, primarily, courses in 
exposition. We should prefer to have one a freshman 
course in "How to Bay What Tou Mean/' orally and 
in writing. The other should be a junior or senior 
course in writing technical reports, papers, and exposi¬ 
tory accounts, with emphasis on getting the results 
and essential spirit across to nontechnical readers. 

The proposed inclusion of a course in surveying in 
this curriculum has led to considerable discussion, and 
it Seems worth while to make very clear what values 


we hope might be obtained from it, particularly if it 
were taken just before the beginning of the fresh¬ 
man year. It would provide students with experience 
in physical measurements for which there are checks 
(the traverse must "dose”), and give them opportu¬ 
nity to observe the customary processes of handling 
data. It is not essential that the Btudcnt fecome a 
good surveyor, but it is very much to his advantage to 
learn to recognize a man who is good with tools, and 
good at measuring. 

The special courses. There are two courses that 
we think should be added to present offerings in order 
to improve the interim training of the generalist. The 
first could be given tomorrow at many institutions. 
The other, here somewhat obscurely entitled "judg¬ 
ing," would be very difficult for anyone to teach. 

The course in industrial and shop processes should 
summarize how things are actually made. It could 
bo entirely descriptive, since it is to train generalists, 
not engineers, and therefore one semester would suf¬ 
fice. It should, for example, describe forging and 
milling, the function of a turret lathe, the kinds of 
heat treating used and their effects, what an industrial 
still looks like, and how it operates—in other words, 
teach him the unit operations of mechanical, electrical, 
and .chemical engineering. The generalist needs some 
knowledge of how materials are manipulated.' 

Somewhere in the curriculum, probably in the 
senior year, there should be a course in judging, 
guessing, and the scientific method. This course is 
needed not only by the generalist, but by many other 
scientists. We have no way now to encourage or re¬ 
quire a man to bring his education and intelligence 
to bear on estimation and prediction problems for 
which he has inadequate information. As a result, 
scientists often become stuffy and narrow in their 
views. To meet this need, wo propose a course in 
educated, intelligent guessing. It would be prin¬ 
cipally a laboratory course, in which essentially ini- 
possible problems were put to the student, who would 
be required to supply answers and estimates of their 
trustworthiness, on the basis of the inadequate data 
given plus what he knows about the world. The 
time limits for these answers would vary. Some 
problems would be done by individuals; others by 
groups. There would be discussion periods after 
solutions were submitted. The main difficulty with 
this course would be finding an instructor equipped 
to teach it. 

None of these four special courses is essential to the 
training of a generalist, but all of them would be ex¬ 
tremely helpful. We believe their value to other stu¬ 
dents as well as to generalists would make them worth 
adding to the offerings of most colleges. 
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Another generally useful course which we would 
place next in importance for the pregeneralist is one 
in “intellectual techniques.” This should supply the 
student with tools which would help him to ingest and 
digest a large amount of material in a limited time. 
It should include rapid and effective reading, quick 
ways of |ping a library, and what is known about 
efficient methods of study and learning. Such a 
course should come in the freshman year if possible, 
Some of us feel that introductory psychology is a 
good facsimile, others feel that it does not concentrate 
enough on the tool aspect to meet the need. 

Installing the program, Before any new program 
can be introduced into an American college or uni¬ 
versity without objection it must be shown to fill 
certain needs. For the next decade colleges will ask: 
Does this program meet the distribution require¬ 
ments f Does this program fit into the scheme of de¬ 
partmental concentration or majoring T 

Distribution requirements vary from institution to 
institution, and are in the process of changing at 
many institutions. Wc have compared the proposed 
program with the distribution requirements at Har¬ 
vard and at Princeton, since we are most familiar 
with these universities. There the distribution re¬ 
quirements would easily be met. It seems rensonable 


to conclude that this program would be consistent 
with the distribution requirements of a subs tan tin! 
number of institutions. 

Next, there must be a home for the pregeneralist. 
Some department must be prepared to accept his 
widely distributed work as concentration in that de¬ 
partment. Or a new interdepartmental program must 
be set up \ Fnding a home may be difficult. 

There will be difficulty with individual scientific de¬ 
partments wherever such a program is proposed; each 
such department has a natural desire to have these 
very good students concentrate in its department. 

Finally, there will he objections from administni- 
tOrs about any program requiring students to take 
courses without the usual prerequisites. 

These difficulties of installation, however, are merely 
details, and such a program can be started. 

The point of view we have tried to expound might 
be summarized thus: Science is complex; yet it must 
become manageable. It can be managed better with 
the help of a few scientists with training in many 
sciences. A few such scientific generalists can be 
trained tomorrow with the courses at hand. To make 
science more manageable, we must perform a new and 
difficult synthesis on h higher level of organization. 


Photoproduction of Molecular Hydrogen by 
Rhodosptrillum rubrum 

Howard Gest 1 and Martin D. Kamen 

Mailinckrodt Institute of Radiology and Department of Chemistry , Washington University 


T HE PHOTO SYNTHETIC, nonsulfur purple 
bacterium, Rhodo spirillum rubrum (strain SI) B 
will grow anaerobically upon illumination in 
h synthetic medium consisting of pure organic sub¬ 
strates, mineral salts including ammonium chloride, 
and a trace of biotin (5). 8 The organic substrate 
can be any of a large variety of compounds. Sub¬ 
strates more oxidized than carbohydrate are decom¬ 
posed with a net production of C0 2 during growth. 

1 Predoetoral fellow of the American Cancer Society, rec¬ 
ommended by the Committee on Growth of the National Re¬ 
search Connell, 1947-104B, Present nddreee, Department of 
Microbiology, Western Reserve University Medical School, 
Cleveland, Ohio, 

1 Original culture obtained through the courtesy of Prof. 
C. B. van Niel, Hopkins Marine Station, Pacific Grove, Cali¬ 
fornia. 

1 Hutner studied growth under aerobic conditions only. 
However, It appears that an Aerobic growth requirements are 
similar. 


Aside from C0 2 and cell material, no other products 
have been observed in appreciable quantity. How¬ 
ever, R. rubrum grown photosynthetioally on certain 
oxidized substrates, with glutamate or aspartate in¬ 
stead of ammonia as a nitrogen source, exhibits in 
addition to CO a evolution a vigorous production of 
hydrogen, 

In a preliminary survey, the only compounds bo 
far found to be effective in evoking hydrogen pro¬ 
duction in growing cultures are malic, fumario, and 
succinic acids. Of several dozen substrates tested at 
pH 6.6 with resting cells derived from hydrogen-pro¬ 
ducing cultures, only malic, fumaric, oxaloacetic, and 
pyruvic acids are effective. The magnitude of the 
hydrogen evolution from malic arid is of the order 
of one mole per mole of added substrate. Buorinio 
acid has been tested with resting cells using pH values 
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varying from 5,7 to 8 because of the discrepancy in 
response of resting cells and of growing cells to this 
substance. Although extensive C0 2 evolution is ob¬ 
served over most of this range, no II 2 evolution is 
noted with succinic acid as substrate. This point is 
beinp investigated further. 



Fig. 1. Photochemical production of H, by Rhodo- 
apirittum rubrum (SI) : BO mm 1 of washed cells was sus¬ 
pended In 2 ml m/ 20 phosphate buffer (pH 0.0) and B mg of 
D.L-molnte was Upped Jo at aero time. The center well con¬ 
tained 0.2 ml of 10% KOH ; the gas space was filled with 
100% helium. 

When the gas phase in resting cell experiments is 
helium, argon, or hydrogen, a vigorous photoproduc- 
tion of molecular H a is observed. A typical experi¬ 
ment is shown in Fig. 1, which demonstrates the re¬ 
sults obtained with conditions as noted in the legend, 
[n the presence of nitrogen there is no evolution of 
H a . The possibility that a alight oxygen contamina¬ 
tion of the nitrogen is responsible for the inhibition 
has been eliminated in three ways. First, a gas mix¬ 
ture consisting of 1 percent oxygen plus 99 percent 
helium fails to repress H a production. Second, 
nitrogen completely freed of oxygen (99.99 percent 
N s ) inhibits H a evolution. Third, a mixture of pure 
nitrogen (0.1 atmosphere) and helium (0.9 atmos¬ 
phere) inhibits production. In addition it has 
been found that ammonia abolishes H a production 
under helium or hydrogen. Thus H 2 production is 
not observed if ammonium salts or molecular nitrogen 
are present. This effect of ammonia brings to mind 
nitrogen-fixing organisms, in which combined nitrogen 
inhibits production and activity of hydrogenase (4). 
The possibility exists that there may also be a hitherto 
unsuspected nitrogen&se system in 22. rubrum. This 
is now being investigated, using molecular nitrogen 
labeled iaotopioally. 


The production of hydrogen during normal photo¬ 
synthesis by either growing or resting cells of 22. 
rubrum ib unusual in that there is always present a 
Large amount of C0 2 which can be reduced with 
hydrogen photochemically by these organisms, as can 
be demonstrated with resting cells. 

Hydrogen evolution is dependent on exogenous sub¬ 
strate, is not inhibited at high light intensity, and 
does not require a prolonged adaptation period. 
Thus, photoproduction ol' hydrogen by 22. rubrum 
differs from the only instance of photoproduction of 
hydrogen reported previously. Guffron and Rubin 
(2) observed that in the green alga, Scenedeamusj an 
endogenous production of hydrogen of low magnitude 
occurred at low light intensity after long anaerobic 
Incubation of these ordinurily aerobic organisms in 
the absence of C0 2 , or in the presence of C0 2 when 
dinitrophenol was added. There is also to be re¬ 
marked as a point of difference the unexpected effect 
of moleculur nitrogen in inhibiting the H 2 evolution 
noted in R. rubrum. 

Attempts to link hydrogen evolution to a formic 
hydrogenlyase system have failed. Growth in the 
presence of formate produces organisms which will 
evolve hydrogen in the dark with formate as substrate 
and with N z as the gas phase. However, no photo- 
production of H 2 has been observed with formate. It 
may be recalled that fermentative production of H a 
by microorganisms is ordinarily inhibited by H a {1 ), 
whereas this is not the case with 22. rubrum. 

The data at hand do not permit of a decision as 
to the source of the photobydrogen. As a working 
hypothesis, it may be assumed that the substrate 
employed is the source, on the basis of the substrate 
specificity observed. The possibility of testing this 
hypothesis using labeled hydrogen is remote but is 
being considered, 

In conclusion, it appears that RhodoapirMum rub¬ 
rum under the influence of light and in the presence 
of a single organic substrate can liberate hydrogen 
as a photosynthetic product. This hydrogen evolu¬ 
tion is linked to nitrogen metabolism and perhaps 
even to a nitrogenase system. It is hoped that fur¬ 
ther work now in progress with labeled nitrogen, 
hydrogen, and carbon will clarify the mechanisms 
involved in this production of molecular hydrogen 
during hydrogen transfer in photosynthesis. 
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Evidence for a Nitrogenase System in the 
Photosynthctic Bacterium Rhodospirillum rubrum 

Martin D. Kamen and Howard Gest 1 

Mallinckrodt Institute of Radiology and Department of Chemistry, 

Washington University 


I T HAS BEEN DEMONSTRATED thut the non- 
sulfur purple bacterium, Rhodospirillum rubrum 
(strain SI) will produce molecular hydrogen as a 
major photosynthetic product during illumination in 
certain media (I). This phenomenon does not oacur 
when nitrogen is present either in the elementary form 
or as ammonium ion (1), These observations suggest 
the existence in these organisms of a nitrogenase or 
nitrogen-fixing system, hitherto unsuspected. 

Evidence has been obtained using molecular nitrogen 
labeled isotopically with N 1B which appears to pro¬ 
vide unequivocal support for the existence of a light- 
stimulated nitrogenase system in Rhodospirillum. In 
one set of experiments, 3-day-old H 2 -producing organ¬ 
isms were harvested by centrifugation, washed twice 
with m/20 phosphate buffer (pH 7.2) and suspended 
in a neutral medium containing MgSO„ phosphate 
buffer, trace elements, biotin and D,L-malie acid. The 
bacterial suspension was divided into three 10-mi 
portions. Two portions were placed in 75-cc War¬ 
burg vessels on a vacuum line. The third portion wa9 
boiled and the dead organisms so obtained were placed 
in the third vessel on the vacuum line to provide a 
control. After evacuating and flushing the vessels 
and vacuum system several times with helium, the 
vessels were filled to 0.1 atmosphere with labeled 
N 2 (30% N 1D ) and 0.9 atmosphere helium. The 
nitrogen was generated from Eastman Kodak NH 4 NO B 
(30% N 1B in the NH 4 gToup) with alkaline NaOBT 
and freed of all combined labeled nitrogen (NH a or 
N oxides) by passage through two liquid air traps. 
Control experiments revealed no detectable NH a in 

1 Predoctoral fellow of tbe American Cancer Society, rec¬ 
ommended by tbe Committee on Growth of tbe National Re¬ 
search Council, 1947-1640. Present address, Department of 
Microbiology, Western Reserve University Medical School, 
Cleveland, Ohio. 


the elementary nitrogen (< 2 x 10 3 mg NII fl in a total 
of 0 mg as N a ). One vessel was illuminated, one was 
kept in the dark. After 6 days, the organisms were 
separated, and total Kjeldahl nitrogens obtained. 
These were anuJyzed for N 1B content. 3 The organ¬ 
isms maintained in the light showed an N 10 content 
in total cellular nitrogen of 3.14 atom percent excess; 
those in the dark, 0.189 atom percent excess; and the 
boiled controls 0.008 atom percent excess. In another 
set of experiments almost identical results were ob¬ 
tained with the additional observation that small 
amounts of ammonia (0.5 mg NH 4 Cl/ml) inhibited 
N 18 uptake from the labeled molecular nitrogen. 

These observations appear to be the first reported 
in which there have been demonstrated (T) a nitro 
genase system in photosynthetic bacteria, (2) a spe¬ 
cific effect of molecular nitrogen on hydrogenase ac¬ 
tivity, and (3) a stimulating effect of light on turn¬ 
over of molecular nitrogen. These observations have 
been confirmed in the laboratories of R. H. Burris and 
P. W. Wilson at the University of Wisconsin. We 
wish to express our appreciation for their whole¬ 
hearted cooperation. 

It has been ascertained that the N 1B uptake observed 
is the result of a net fixation of nitrogen. An illu¬ 
minated suspension of R. rubrum maintained for 30 
days in an atmosphere of molecular nitrogen and 
hydrogen and in a medium devoid of all combined 
nitrogen except for a minimal quantity of yeast ex¬ 
tract has shown a seven-fold increase in cellular nitro¬ 
gen gained at the expense of molecular nitrogen. 

XAfirnct 

1 Gust, H. and Ram*W, M. D. Boionoe, 1949, 109, S5B. 

1 We are Indebted to Prof. D. R It ten berg and Mr. I. Bucher, 
Columbia University, and to Dr, Mildred Cohn, of Washington 
University, for tbe analyses. 
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A Microorganism Exhibiting a Growth Requirement 
for Peptides 1 


Sofia Sinunonds and Joseph S. Fruton, Yale University 


I N SEVERAL RECENT PUBLICATIONS {2, 3, 
4), data have been presented concerning the rela¬ 
tive growth-promoting action of amino acids and 
peptides for appropriate mutant strains of Escherichia 
coli. In the case of one mutant, a prolineless strain, 
better growth was obtained in a medium containing 
L-proline peptides than in a medium containing an 
equimolar conc«itrntion of L-proline (3). While this 
enhanced growth-promoting Activity of the proline 


proteins, perhaps by “transpeptidation” reactions. 
Whatever the correct explanation turns out to be in 
the case of the prolineless mutant, it may be expected 
that the closer study of this and other bacterial strains 
that exhibit characteristic growth requirements for 
peptides of well-defined structure will throw valuable 
light on the metabolism of peptides in living systems. 

In the present communication, the authors wish to 
report preliminary studies on n microorganism which, 


TABLE 1 


Growth Rum4<oneh of Bacterial Strain 8F 


Test compound 

48 hr 

Growth* In saline 
72 hr 

06 hr 


Growth* 

48 hr 

in anllne-gliicoNC 
72 hr 

06 hr 

L-Leuclne . 

0.000 

0.020 

0.020 


0.032 

0.027 

0.018 

o-LeucLne . 

— 

— 

— 


— 


— 

PL-LeucJne . 

— 

— 

— 


— 

- ( 

— 

L-Leucylglycloe. 

0.085 

0.122 

0.140 


0.060 

0.127 1 

0.130 

L-Leuclne + glycine . 

— 

— 

— 


— 

— 

— 

n-Leucyl glycine . 

0.004 

0.004 

0.004 


— 

0.002 

0.006 

L-Leueylglycylglyclne . 





0.032 

0.071 

0.131 

L-Leueylglyclne + glycine - . . 

— 

— 

— 


— 

— 

— 

ftlycyl-L-leudnc . 

. — 

— 

0.002 


0.018 

0.028 

0.027 

Glycyl-L-leucloe + glycine . . . 

— 

— 

— 


— 

— 

— 

Acetyl-L-leuclncf 

— 

— 

— 


— 

— 

— 

L-Phenylalanylglyclne . 





— 

— 

— 

L-Phenylalanlne . 

— 

— 

— 


0.017 

0.021 

0.015 

L-Phcnylalanlne + glycine . . . 





— 

— 

— 

Glycylglyclne . 

— 

— 

— 


— 

— 

— 

Glycine . 

— 

— 

— 


— 

— 

— 

b-Asparagine . 

.— 

— 

— 





oAlanlne. 

_ 

0.062 

0.080 


0.0B2 

0.041 

0.042 

b-Olutnmlc acldt . 

0.052 

0.007 

0.072 


0.020 

0.030 

0.044 

li-lsoleuclne. 

_ 

— 

— 


— 

0.012 

0.018 

irVallne . 

0.148 

0.213 

0.228 


0.110 

0,008 

0.060 

NH.Clt . 





0.012 

0.014 

0.009 

NH,Clt + glycine . 

— 

— 







* The extent of bacterial growth Is recorded R» the optical density of the culture, where density ■ 2 — log galvanometer 
reading. A dash indicate* the absence of measurable growth, 
t Neutralized with Da OH before net. 


peptides may be due to their direct incorporation into 
the bacterial proteins, other possible explanations can¬ 
not be excluded. Thus, it may be that, in the eourse 
of the bacterial growth, a portion of the free proline 
is converted to products that ore not growth factors 
for the mutant, and that this conversion is prevented 
by the linkage of the proline residue in a peptide, 
AJso, the possibility must be considered that the pres¬ 
ence of proline in peptide linkage aids more directly 
in the incorporation of this amino aoid in the bacterial 

Thli study was aided by a grant from the Rockefeller 
Foundation. 


under specific experimental conditions, grows in the 
presence of the dipeptide L-leucylglyeine, but does not 
grow in the presence of a mixture of L-leucine and 
glycine, and grows only poorly in the presence of 
L-leucine. This microorganism was obtained from an 
unsterilised solution of L-leucylglycine in 0.9-percent 
NaCl which had been kept at room temperature for 
several weeks, 9 When a loopful of the turbid dipep¬ 
tide solution was plated out on nutrient agar, only a 

■The authors wish to express their thanks to Dr. Henry 
D. Hoberman, In whose laboratory the peptide solution was 
kept, and who kindly called our attention to the bacterial 
growth In the solution. 
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single type of colony appeared after 24 hours at 30°. 
A subculture of one of these colonies served as the 
source of the organisms used in the tests reported 
below. For convenience, the isolated bacterial strnin 
will be termed “SF ” 

Examination of the isolate showed it to be a short, 
nonmotile rod which is Gram-negative and occurs 
singly or in pairs in Gram-stained preparations.^ In 
nutrient broth containing glucose, lactoBe, or sucrose, 
it does not cause the formation of acid or gas; after 3 
days, such test solutions have a pH of 8 or higher. It 
turnB litmus milk alkaline and liquefies gelatin. The 
organism has been tentatively classified, therefore, as 
a member of the genus Alcaligenes. 

The ability of strain SF to grow in saline solutions 
containing a variety of amino acids or peptides is 
Bhown in Table 1. In performing the tests, Evelyn 
colorimeter tubes, containing 8 cc of the test medium, 
were incubated at 30°, and the extent of bacterial 
growth was measured at intervals in an Evelyn color¬ 
imeter with filter No. 540. As is indicated in the 
table, one series of tests was conducted in the pres¬ 
ence of amino acids or peptides as the sole source of 
carbon and nitrogen in the medium, while in a second 
series glucose was added as an additional potential 
source of carbon. When 0.9-pereent NnCl alone was 
UBed as the medium, the concentration of each test 
substance was 0.1 M; when saline was supplemented 
- with glucose (0.17 h), the concentration of the test 
substances was lowered to 0.05 M. The inocula for 
the tests consisted of a drop of an aqueous suspension 
of cells taken from a peptone-yeast extract-agar slant 
which had been incubated for 24 hours at 30°. Under 
these conditions, visible growth was not evident until 
24 hourB after inoculation, and significant readings 
with the Evelyn colorimeter were not obtained until 
36-48 hours after inoculation. 

The data in Table 1 show that strain SF grew 
equally well when L-leuoylglycine was present in the 
medium in combination with glucose or when the 
peptide represented the sole carbon source for growth. 
No growth was noted when L-leucine and glycine were 
present, and the presence of L-leucine promoted the 
growth only slightly. It was observed that, in every 
case in which it was tested, glycine exerted an inhibi- 

■ The a a then are Indebted to Dr. C. F. Robinow for bin 
valuable Advice In the characterization of the hnrterlal strnin. 


tory effect upon the growth of strain SF. It would 
appear, however, that glycine is not bactericidal, since 
the same number of viable cells could be recovered, 
after 5 days’ incubation, from a medium containing 
glycine as from a medium containing DL-leucine, in 
neither of which was there any visible growth. The 
complete failure of strain SF to grow in the presence 
of DL-leucine suggests that the D-isomer may act as h 
growth inhibitor. It is also of interest that, with 
n-leucylglycine, there was noted only slight growth, 
which may be due to the presence of a small amount 
of the L-form of the peptide in the commercial prepa¬ 
ration used for these experiments. 

L-Lcucylglycylglycine produced a growth response 
similar to that noted with L-lcucylglycine. Glycyl-L- 
leucine and acetyl-L-leucine, however, showed little, if 
any, growth-promoting activity. It would appear, 
therefore, that significant growth of strain SF in the 
presence of leucine peptides is favored only when the 
L-leucine residue is present at the amino end of an 
unsubstituted peptide. When the L leucine residue in 
L-leucylglycine was replaced by that of L-phenylal- 
nnine or of glycine, the resulting L-phenylalanylgly- 
cine or glycylglycine was inactive in promoting bac¬ 
terial growth. Although further studies of the spe¬ 
cificity of the peptide requirements of strain SF are 
necessary, it may be concluded from the above results 
that the presence in the medium of a dipeptide per se 
does not satisfy the growth requirement. 

The data in Table 1 show that the organism does 
not have a specific requirement for leucyl peptides 
since L-alanine and L-glutamic acid permitted fair 
growth and L-valine served as a better growth factor 
than even L-leucylglycine. On the other hand, L-as- 
paragine did not promote bacterial growth, and a 
medium containing NaCl, NH 4 CI, and glucose gave 
only a slight growth response. However, other tests 
in which the basal medium usually employed by us 
for Escherichia coli (i.e., a mixture of inorganic salts, 
including NH 4 C1 and NH 4 NO a , glucose, and a small 
amount of asparagine (1) was used, showed that 
strain SF is capable of growth when glucose is the 
source of carbon, and ammonia and nitrate are the 
principal sources of nitrogen. The addition of 0.1 
mM of glycine per cc of this medium completely in¬ 
hibited the growth of strain SF, while a concentration 
of 0,001 M glycine retarded growth appreciably. 


i. 


2 , 


lUferma 

Ghat, C. H. and Tatum, ID. I.. Pruc. nat , Acad. Be., 1044, fl. 

SO, 404. 4 

Simmondb, B. J. biol. Chem 1046. 174, 717. 


Biumundi, H. himI Photon, J. B. J. biol. Chem., 1046. 
174, 706. 

fllMMONDS, B„ Tatum, B, L., and Fbuton, J. B. ■/. binl. 
1047. 149. 01 : 170, 468, 
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TECHNICAL PAPERS 


Suppression of Gastric Acidity with 
Beta Panicles of P M 

Norman Simon 1 ' 2 

Department of Rbytiei mud Department of Radiotherapy, 
The Mount Sinai Hoipital, New York City 

Lrradiation of the gastric mucosa by X-rays or gamma 
rays of radium has suppressed gastric acidity (£, J). 
Buch irradiation penetrates and affects not only the 
gastric mucosa, but also adjacent organs. The liver and 
small intestine are more sensitive than the gastric mucosa 
to radiation (1), and damage to these adjacent organs 
may occur if large doses of X-rays or gamma rays are 
directed to the stomach. 

To suppress acidity, it would therefore seem more suit¬ 
able to restrict radiation to the gastric mucosa, This is 
accomplished by the topical application to the mucosa 
of a radiation source emitting rays which are absorbed 
almost completely by the stomach. A suitable source is 
the radioactive isotope of phosphorus, atomic weight 82, 
for this isotope emits beta particles whose maximum 
range in tissue is about B mm. An applicator was de¬ 
vised to apply P - topically to the mucosal lining of 
Heidenhain stomach pouches in dogs. 

The applicator was a thin rubber bag inflated to a 
volume of 50 cc with air, sprayed with rubber cement, 
and covered with floes of short cotton fibers, so that the 
covering resembled a smooth coat of felt. The inflated 
balloon was dipped into a solution containing P 11 and 
allowed to dry. By a series of these dippings aDd dry¬ 
ings os much as 25 me of P n was adsorbed uniformly on 
the flocculate surface of the balloon. The balloon was 
then deflated, covered by a rubber condom, inserted into 
the Heidenhain pouch, and reinflated with air to its origi¬ 
nal volume of 50 cc. The condom covering the balloon 
prevented loss of P“ from the felt-like surface and only 
adsorbed 4% of the beta activity. 

A aeries of control observations were made on the 
secretion of Heidenhain pouches with histamine as a 
stimulus. Then the pouches were irradiated. 

After exposure to Jthii beta radiation for periods of 
2-0 hr the balloon was deflated and withdrawn, Sub¬ 
sequently, acid secretion tests were again made with the 
same stimulus of histamine used in control secretion ob¬ 
servations, The pouch mucosa was observed by cyBio¬ 
scope, and multiple punch biopsies of the mucosa were 
made in some of the animals at frequent intervals. 

The maximum thickness of the mucosa of these Heiden¬ 
hain pouches is about 4 mm, and the average thickness 

1 Daxlan Fellow In Radiology. 

■The author gratefully acknowledges the assistance and 
cooperation of Franklin Hollander. Head, Gastroenterology 
laboratory of the MVurat Ala a I Hospital. 


is about d mm. At a depth of 3 mm the doae is about 
25% of the dose in the first mm of mucosa. The thick¬ 
ness of the whole pouch wall is about 7-S mm, at which 
depth the dose has decreased to less than 2% of the doec 
to the first mm of mucosa. Preliminary histological ex¬ 
amination of a post-mortem specimen indicates that there 
is no discernible change in the serosa of the pouch when 
the mucosa has been heavily irradiated. 



s -] v i 

! “1 _l. 



DAYS AFTER RADIATION 
Fid. 1. 


Radiation was followed after a few days by a de¬ 
crease in total secretion as well as a decrease in quantity 
and concentration of HCl in the pouches of all five dogs 
studied. Two of these five dogs had anadd pouches, and 
the other three were hypoacld. Intubation of the stom¬ 
ach during the course of these secretion tests with his¬ 
tamine stimuli showed that the secretion of the true stom¬ 
ach had a pH of 1.0 at the same time the pouch secretion 
had a pH of 7.0. 

Fig. 1 shows the change in pouch add secretion after 
radiation. All radiation exposures yielded doses In the 
magnitude of 20,000 to 25,000 equivalent roentgens to 
the first mm of tissue except for the preliminary radia¬ 
tion on George (lowest graph in Fig. 1). 

The heavy vertical bars in this instance represent 
respectively 1,800, 12,000 and 26,000 equivalent roent¬ 
gens in the first mm of mucosa. Although the decrease 
in acidity with the lower doses was not apparent, the 
higher dotes Invariably decreased pouch acidity. AU 
other vertical heavy bars in Fig. 1 represent radiation 
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exposure of 30,000 to 25,000 equivalent roentgens to the 
first mm of tissue. A few weeks after radiation, the 
quantity of acid secreted had decreased to levels ranging 
from an acidity to 10% of the quantity secreted before 
radiation. The longest period of observntion after radi¬ 
ation in any animal was 125 days. 

There were no changes in blood count, weight, or gen¬ 
eral condition of the animals which could be attributed 
to the radiation. 

In summary, the gastric mucosa of Heidenhain pouches 
of five dogs was irradiated with beta particles of P®, 
with a resultant marked decrease in the quantity of acid 
In the pouch secretion. 

If similar techniques in humans are contemplated it is 
important to note that the dog Hepi had return of acidity 
in its Heidenhain pouch 3 months after irradiation. 
When the animal was sacrificed two weeks later, autopsy 
showed an ulcer of the pouch mucosa at the Bite of previ¬ 
ous biopsy. 

References 

1 . Ivr, A. C., McCarthy, J. E., and Ohndoff, B. H. 

’j.A.M.A,, 1924, 83, 1077. 

2. Jenkins, J, A., and McGEOaai, M, Arch. int. Mrd., 

1042, 70. 714. 

A. Palmer, IV. L-, and Templeton, F. J.A.Af.A., 1039, 
119. 1420, 

0-GIucuronidase Activity 

L. D. Odell, J. Burt, and R. Bethea 

Department of Obitetrici and Gynecology , The Uuivertity 
of Chicago and The Chicago Lying-In HoMpltsI 


In the absence of pregnancy, the range of p-glucuroni- 
da sc activity in those cervices without histological evi¬ 
dence of malignancy was from 23 to 330 y of phenol- 
phthalein per g tissue per hr (Table 1). The upper 
limit of this group was significantly less than the lowest 
value for cervical carcinoma, 643 y , #299510 (Table 2). 

TABLE 1 



Glucuronidase 

Activity 




y of 


Tissue 

Cases 

fi-Glucuronldasp" 



RHnj?e 

Average 

Benign cervix 


23- 330 

142 

Pregnant cervix 

. 8 

221- Bill 

804 

Mallgmnnt cervix 

.' 0 

B43-2700 

1274 


" p-Glucuronldase expressed as y phenolphthalein liberated 
per g of tissue per hr. 


A variety of clinical and pathologic diagnoses were 
found among the benign cervices studied. Most were 
from cervical biopsies obtained to rule out malignancy. 
Others included senile vaginitis, cervical erosion, acute 
and chronic cervicitis, and some apparently normal or¬ 
gans. A histologic examination of the tissue adjacent to 
the area assayed established an absence of malignancy. 
The activity of b-glucuronidase in vaginal mucosa (non- 
pregnant) was similarly low. The enzyme activity of 
pregnant cervix (at term) was higher, and there was some 

TABLE 2 

Glu run on iim be Activity of Untreated 
Carcinoma Tissue 


During the past few months, a method has evolved 
which gives promise as a diagnostic aid in female genital 
carcinoma. Fishman (1) first reported an increased ac¬ 
tivity of the enzyme p-glucuronidase in carcinoma tissue 
(breast, esophagus, stomach, and colon). Subsequently 
(3), results from other malignant tissues were added to 
his Beries. The possibility of measuring the tissue ac¬ 
tivity of fl-glucuronidase from the more accessible pelvic 
malignancies (vulva, vagina, and cervix?) as a diagnostic 
aid is self-evident. Furthermore, if present indications 
prove correct, the vaginal fluid which bathes the cervix 
and vagina should become a rich source of this enxyme in 
the presence of a lower genital tract malignancy. 

Accordingly, p-glucuronidase assays were made on the 
various genital tissues and on vaginal fluid for the pur¬ 
pose of establishing the range*of activity in histologically 
benign lesions, and In carcinoma. Tissues were weighed, 
homogenized in .water, and the centrifuged homogenates 
assayed, using phenolphthalein glucuronide as substrate, 
according to the method described by Fishman, Springer; 
and Brunetti (3). Using a pipette, p.l-vnl portions of 
vaginal fluid were suspended in 3 ml of distilled water 
or Tyrode '■ solution. Assays were made on both uncen¬ 
trifuged specimens and on the centrifuged supernatants. 
Values were expressed as y phenolphthalein liberated 
per g of tissue or ml of vaginal fluid per hr, Our results 
are tabulated. 


Identification 


Microscopic 

dlagnoslsf 


y of 0-Glu- 
curpnldnsej 


480773 

Bq. ca. cx. 

934 

43R040 

Sq. ca. cx. 

2790 

150341 

Sq. ca, cx. 

1034 

452889 

Sq. ca. ex. 

847 

209510 

Sq. ca. cx. 

' 643 

45424 

Sq. ca. cx. 

807 

A.M.* 

Sq. ca, vag. 

688 

A.8.* 

Bq. ca. vag. 

080 


* Patient nt another hospital. 

t Hq. ca. cx,—Squamous carcinoma of cervix; Bq. ca. rag. 
—squamous carcinoma of vagina, 

t ^-Glucuronidase expressed as y phenolphthalein liberated 
per g of tissue per hr. 

overlapping with the malignant group. No explanation 
is offered at the present time for this finding. 

The malignant tissues studied are tabulated in Table 2. 
The range of activity was high. Two specimens of endo¬ 
metrial carcinoma were assayed. These measured 11,980 
and 6,370 y m The lower of these values is within the 
range of glucuronidase activity for endometrium In 
women with normal menstrual periods (BBS to B040 y) 
( 4 ) and both are well within the range for endometrium 
in patients with functional uterine bleeding (1,180 to 
20,050 y) (5). The activity of 0*glucuronidaae in normal 
ovtiry and In benign ovarian tumors varied greatly. H 
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ih our impression that the assay for tissue glucuronidase 
will prove of more value in lower genital tract carcinoma. 

In the presence of untreated lower genital tract carci¬ 
noma, the vaginal secretion was uniformly high in glu¬ 
curonidase activity, the lower range being 477 y uncen- 

TABLE 3 


Glucuronidase Activity in Vaoinal Fluid of 
Untreated Cahcinoma 




y of 0-Glu 

cu run U1 use X 

cation 

dlagnoalst 

Uncentrl- 

fuged 

Centri¬ 

fuged 

43250D 

Sq. ca. cx. 

1438 

1308 


430775 

Sq. CD. cx. 

408 

210 

438040 

Sq. ca. cx. 

477 

130 

430485 

Sq. Cii. cx. 

000 

450 

430773 

Sq. ca. cx. 

1333 

1010 

200310 

Sq. ca.cx. 

1412 

902 

140303 

Kndomet, Car. 

1218 

403 

A.M.* 

Sq. ca. v&g. 

883 


43424 

Hq. ca. cx. 

1030 

003 


■ rat lent from nnother hospital. 

f Hq. rn. ex.—nquanious carcinoma oT cervix; pndnmeL 
car.—emlometrlnl adenocarcinoma ; sq. cn. vnjr.—Hqumnniin 
carcinoma of vujrlnn. 

t fl-Gluciirnnldftae expressed aa y of pliennlphthaleln lib¬ 
erated per ml of vaginal fluid per hr. 

trifuged (Table 3). It is apparent from studies on 
vaginal secretion obtained from women with benign le¬ 
sions that fnlse positive tests occurred (Table 4). These 

TABLE 4 


Glucuronidase in Vaoinal Fluid of 
Ben ion Lesion h 



Number 

examined 

curonldnwe" 

Uncentrl- 

fuged 

Centri¬ 

fuged 

over 501 

4 

1 

301-300 

a 

2 

101-300 

8 

S 

31-100 

11 

2 

1- 30 

17 

10 

1) 

7 

29 

Total 

SO 

42 


* ^-Glucuronidase expressed In a frequency table as y of 
phenolphthaleln II hero led per ml of vaginal fluid per hr. 


were obtained principally from patients who were preg¬ 
nant and from patient! with a trichomonas vaginitis. 
Following Irradiation therapy for genital carcinoma, the 
vaginal fluid was leas active (in the absence of a recur¬ 
rence) than In the untreated group. This observation 
suggests the use of vaginal fluid assays as a method of 
follow-up. Resulta from the centrifuged supernatant 
fluid were generally lower than those of the uncentri¬ 
fuged specimen. Thus, it may be inferred that more 
glucuronidase activity was associated with the solid (cel¬ 
lular) component of the suspension, It was found that 
the centrifuged supernatant fluid of suspension* in 


Tyrode’s solution was less active than suspensions in dis¬ 
tilled water. This is probably due to less taking of the 
cellular component in Tyrode’s solution. These studies 
are being continued on a larger scale. 
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The Nature of the Pigmented Sheath 
in Drosophila Tumors 1 

Ernest V. Hsrtung end Mery-Gernetc Tillingheet 

Deportment of Zoology, Rhode lilsnd State College, 
KimgtUm 

In previous studies of tumors occurring in Drosophila 
t nclanogaster it has been noted that those in larvae sev¬ 
eral days old arc surrounded by a pigmented coat, and 
appe&T as blnck, or brownish-black masses. In youngeT 
specimens, tumors, though present, lack the pigmented 
coat. It has been suggested by some workers (£~4) that 
the pigmented sheath is melanin, but this has not been 
substantiated by chemical tests. 

The nature of the pigment is a matter of interest for 
several reasons. First, it seems to act as a limiting bar¬ 
rier against the growth of the tumor mass. Second, for 
detailed cytological study of tumors, it would be of great 
value if the pigment could be inhibited or delayed. Good 
cytological pictures may be obtained now only from 
tumors in quite young larvae. 

Since melanin is the likeliest possibility in insect mate¬ 
rial, it was decided to test for it flTBt, using two tests 
suggested by Cowdrv (I). One is an oxidizing process 
employing KMnO, followed by oxalic acid; the other 
Involves bleaching in the presence of concentrated NaOH. 

Flies of tumorous strain "bw tu M were placed in half- 
pint containers, the caps of which held on their inner 
surfaces blocks of molnsses agar seeded with yeast. The 
bottles were inverted and the flies could thus feed and 
deposit their eggs on the readily removable agar blocks. 
Caps were changed dally, the blocks each time being 
transferred to Petri dishes containing molasses agar 
well seeded with yeaBt. Here the eggs were allowed to 
hatch, and larvae to develop. Approximately 80-90 hr 
following transfer to the Petri diebes, tumerous larvae 
showed heavy deposits of pigment surrounding the neo¬ 
plasms, nhd were considered ready for examination. 

By flooding the Petri dishes with water, the larvae 
could be pipetted out had transferred to Syracuse watch 
glasses for microscopic study. Tumors were teased out 
with dissecting needles under broad field microscope and 

1 The work reported here Is part of s research project sup¬ 
ported by s grunt from the Cancer Research Grants Branch, 
Division of Research Grants and Fellowships, National In¬ 
stitutes of Health, Be thesdfi, Maryland. 
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transferred by means of a flue pipette to Stender dishes 
containing either concentrated NaOH or 0.1% KMn0 4 . 
At the end of 24 hr in NaOH, all tumors were found to 
be completely decolorised. This may be regarded as a 
positive reaction, since melanin is bleached by concen¬ 
trated NaOH. 

Tumors in KMnO t were allowed to remain for 24 hr, 
then rinsed in several changes of distilled water, and 
immersed in 0.3% oxalic acid. In all cases, after 12-24 
hr in oxalic acid no trace of the dark masses could be 
found, the pigmented sheath evidently having been com¬ 
pletely oxidized. This too may be regarded as a positive 
test. 

Since the results in both cases are those expected of 
melanin, it would appear that the assumptions previ¬ 
ously made concerning the nature of the pigment are 
correct, 
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An Incernal Geiger Councer for the Assay of 
Low Specific Activity Samples of Carbon 
14 and other Weak Beta Emitters 
in Biological Samples 1 

F. E. Kelley 

Department of Pharmacology , 

The Univenity of Chicago 

The limiting factor in biological experiments with 
radioactive tracers is the great dilution of the isotope. 
Further increases in the specific activity of the isotopic 
compound are often impossible because of its limited 
availability or because of the biological effects of the 
radiations. Improvements in counting techniques offer 
the only practical solution. The procedure described 
here permits statistically valid analyses of samples hav¬ 
ing one-fifth or less the activity necessary for mica-win- 
flow tubes. 

The windowless Geiger tube of the continuous gas flow 
type Bhown in the accompanying figures (Figs, 1 and 2) 
permits the counting of all particles escaping from the 
sample. A satisfactory counting gas is a mixture of 
helium and alcohol vapor. The helium is bubbled through 
Absolute ethyl alcohol kept at 0* 0 in an ice bath and the 
gas mixture passed through the counter. 

The counter can be successfully operated with com¬ 
mercially available scaling circuits. The material to be 
assayed must be spread in fairly uniform thickness on a 

1 This work was aided by grants from the Life Insurance 
Medical Research Fund, the United States Public Health 
Service, and the Dr. Wallace C. and Clara A. Abbott Me¬ 
morial Research Fund of the University of Chicago. 


^flat surface or shallow cup within a measured area. Sam¬ 
ples of tissues are prepared by spreading an aqueous 
homogenate of the tissue on a flat copper disk of 2-in. 
diameter which has been cleaned with ether and oxidised 
in an oven at 100° C overnight. The spreading may con¬ 
veniently be done while the copper disk is revolving at 
the rate of 5 to 20 rpm on a turntable and under a 
gentle current of dry air. Samples of blood, urine, and 
solutions or suspensions of water-soluble or insoluble 




substances may also be spread out in this manner. The 
sample so prepared may then be inserted In the sliding 
tray and poshed into the counter. 

A simplified version of the Geiger tube can be made 
omitting the sliding arrangement for insertion of the 
sample and including a side arm for a gas outlet. In 
this case the sample is placed on the copper disk as usual, 
the copper disk on a flat brass plate, and the counter 
oyer the sample. The tube can be made relatively air¬ 
tight by pressing down on the glass tube or by using 
stopcock grease ot wax at the junction of the glass tube 
and brass plate. Since the counting gas is always under 
a slight positive pressure, small leaks are of no Jmpor 











Jane 3, 1949, Vol. 109 


SCIENCE 


567 


tance. This counter may also be used for monitoring 
relatively flat surfaces such as laboratory tables for low- 
energy beta particles. 

The plateau has less than a 4% rise per hundred volts 
from 1350 to 1550 volts. In this laboratory, the back¬ 
ground of the counter shielded with 2 in. of lead is 28 
cpm at 1375 volts, A 10-mg sample of barium carbonate 
containing 0.0005 ^c of C 14 spread on a 10-cm a surface, 
gave a counting rate of 564 cpm (uncorrected) at 1375 
volts. The sensitive area available on the sample holder 
is 20 cm3. The counting gas is inexpensive and readily 
available. The counter is simple to construct or may be 
obtained commercially.a The time required for replacing 
a sample and flushing the counter is less than 3 min, 


Embryo Size and Productivity in Segregating 
Generations of Tomatoes 1 


R. £. Lnnon and Li Pong-fi 

Department of Horticultural School of Agriculture, 
Pennsylvania State College 

Much work has been done on size of embryos and their 
relationship to plant vigor in both Inbred and Fi hybrid 
populations; but the authors are not aware of similar 
experimental data in segregating generations except 
Faberge’s (4) suggestion that early vigor in F a genera¬ 
tions may be caused solely by initial seed weight advan¬ 
tage. Ashby (I) postulated that hybrid vigor in Fj 
tomato lines was due to the possession by the hybrid of 
a larger embryo than that of the parental strains. Luck- 
will first confirmed this (£), but later (10) found evi¬ 
dence to indicate that no general relationship exists be¬ 
tween embryo size and Increased phyelologlc efficiency of 
F l hybrids. Other workers also have disagreed with 
Ashby's theory (3, 6 , 6, 8, 11 9 13). 

Some experiments ( 1 , 3, 7, 8 t ll t 13, 14 ), however, have 
indicated that many F, lines showing hybrid vigor had 
larger seed or embryo sice than the parental strains from 
which the hybrids were developed. Hatcher (6) has 
shown that size of seed In tomatoes is determined to a 
great extent by the number of seeds in a fruit. Natural 
self-pollination results in greater seed set per fruit than 
cross pollinating by hand; therefore, seeds from self- 
pollination are generally smaller in sise. This does not 
explain the increase in rise of a portion of the F a seeds 
(i.e., those produced by Fi plants). Undoubtedly genetic 
control is also a factor in embryo else. 

If it le assumed that In certain specified T x lines large 
sise of seed Is associated with hybrid vigor as measured 
In yields of fruit, and that such an association is carried 
Into the segregating F a generation, a method is suggested 
whereby hybrid tomato seed may be produced by selection 

* Authorised for publication on January 10, 1949 as Paper 
No. 1900 In tbe Journal Series of the Pennsylvania Agrlcul- 
nirnl Experiment Station, 


4 From the N. Wood Counter Laboratory, Box 76R1, Chester¬ 
ton, Indiana. 


of seed harvested from F* fruits. It is possible to theo¬ 
rize further that if no relationship exists between seed 
sise in tomatoes and productivity in an T x line showing 

TABLE 1 

Avbbaqb Weight fee Seed in uo 


Diameter of seed 


Generation 

3000 + a 

2600— 
3000 p 

2000- 
2600 p 

Mean 

l\ Rutgers . 

3.43 

2.80 

2.38 

2.90 

P, Pritchard , . . 

3.4B 

8.15 

2.68 

3.00 

P, RxP . 

a.78 

3.31 

2.81 

3.88 

P, BxP . 

3.60 

3.01 

2.29 

8.00 

Menn . 

9.58 

3.09 

2.52 



considerable hybrid vigor, seed size and vigor may still 
be related in the segregating generation whore trans¬ 
gressive segregation may occur. The first measurable 
evidence of vigor in segregating progenies might pre¬ 
sumably be in larger embryo or seed size. 

Preliminary results have supported these possibilities. 
The correlation coefficients computed between seed weight 
and embryo weight and between average seed diameter 
and embryo weight were 0.078 and 0.867 respectively. 
Both exceed the 1% level of significance. Average seed 
diameter has, therefore, been used as a measure of seed 
weight, which in turn was used as a measure of embryo 

TABLE 2 

Eault and Total Yields in Tons pbb Ache 


Generation and 
size of seed 


Mean of Rutgers . .. 

Mean of Pritchard .. 

F 1 .from seed averaging 8.78 mg 
F, from seed averaging 3.31 mg 
f\ from seed averaging 2.D1 mg 
F, from seed averaging 3.89 mg 
F, from seed averaging 3.01 mg 
F d from seed averaging 2.29 mg 
Significant difference 19:1 .. 
Significant difference ob : 1 


8/18/48 B/18/48 

to to 

9/2/48 9/80/48 

2.4 

17.3 


B.B 

1B.1 


7.0 

20.8] 


6.2 

F.-8.1 20.1 

.Fj-I 

5.2 

18.1 


6.8 * 

19.4' 


6.0 

. F - 5,8 1B.H 

f;., 

0.2 

18.1 


o.afi 

1.30 


1.19 




size. Due-pound seed lots of two inbred strains of tu- 
matoes, their Immediate cross, and seed taken from F, 
generation fruits were sieved through soil screens with 
spherical openings averaging 3000, 2600, and 2000 p. 
Table I indicates the average diameter and weight for 
each size class. 

The average deviation in seed weight within the inbred 
and F x materials was 26.5%; in the F a it was 38.0%, 
Assuming that the deviation in the F x and inbred lines 
was environmental (IF), then 30% of the total variation 
in seed producing the F^ progenies was due to hereditary 
factors, 

The field trials included plants grown from each seed- 
size class for each generation (P lf F* F B ), A split- 
plot design having six replications was used. Informa¬ 
tion was obtained on earliness, vigor of plants, sue and 
shape of fruits, uniformity, end yield. Yields fire of 
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primary importance and will be used to illustrate the 
preliminary results. Table 2 shows the mean yields ob¬ 
tained for Rutgers and Pritchard and the three seed-size 
classes producing the F, and F, generations of plants. 

The preliminary results for this specific tomato hybrid 
appear to agree with the proposed hypothesis. It will 
be noted that the mean yield of tho Fj progenies, pro¬ 
duced from the largest seed-size class, is comparable to 
the mean yield of progenies obtained from all seed sizes 
of the immediate cross. The smallest seed-size class pro¬ 
ducing the Fj generation was, however, lower in produc¬ 
tion than its two larger seed classes, possibly due to ac¬ 
cidental inclusion of a few self-pollinated seeds of the 
female parent, Rutgers. Tho fact that early yield in the 
smallest seed-size class was significantly less than in the 
other two classes also substantiates the supposition. Had 
the smallest class been comparable to the other two, the 
average total production in the F, generation progenies 
would have been 20.3 tons as compared to 19.4 for the 
largest seed class producing the F, generation progenies. 
More extensive field trials aro planned for the coming 
season. 

If a measurable association can be shown to exist be¬ 
tween size of seed extracted from fruits and produc¬ 
tivity in the F a generation progenies, a new method of 
producing hybrid seed in volume may result. Breeders 
of pure line tomato strains may also benefit by being able 
to select for vigor by seed size, thus eliminating the grow¬ 
ing of considerable undesirable material. 
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Hypersensitivity in Cold-blooded 
Animals. II. Salamanders 

J. W. King and N. B. Dreycr 

Cotie ge of Medicine, University of Vermont, 

Burlington 

In a study of the effect of histamine on intestinal 
smooth muscle preparations of fish, Drqyer (jff) observed 
that histamine produced contractions in teleoat but not 
in elasmobranch smooth muscle, In a subsequent study 
Dreyer and King (3) were able to produce anaphylaxis 
in several teleost species, using as antigens horse serum 


and egg albumen injected intraperitoneally. Similar 
studies usiug elasmofaranch species proved to be imprac¬ 
tical because of technical difficulties. A search was then 
instituted for other cold-blooded animals which would 
show the same inability to react to histamine stimulation 
as claamobranch species and be more suitable subjects in 
which to attempt protein sensitization. 

Previous investigations using frogs as experimental 
animals have yielded results which are conflicting and 
difficult to interpret. Friodberger and Mita (4) shocked 
frogs sensitized to Bheep serum and noted that the 
shocked animals displayed a weakness and curious loss 
of muscle tone. Isolated heart and other organ prepara¬ 
tions failed to yield clear-cut results. Arloing and 
Laugeron (1) failed to note any signs of hypersensitivity 
in the#r series of frogs treated with human serum. 
KritchevBky and Birger (7) used frogs in which the 
blood was replaced by a colloid-free salt solution and 
nutad‘.tbatjiinammulian serum showed primary toxicity for 
these animals. Goodner (€) failed to produce satisfac¬ 
tory in vivo reactions using egg albumen and horBe serum 
as antigens but did notice in tho excised heart indications 
of developing hypersensitization. Friede and Ebert (5) 
demonstrated passive anaphylaxis in frogs and in some 
instances were able to produce symptoms of hypersensi¬ 
tivity in frogs actively sensitized. It is suggested that 
these widely divergent results, to which must be added 
our own negative results (5), were perhaps due to differ¬ 
ences in the nutrition of tho various experimental ani¬ 
mals used. In some instances, frogs which had been held 
all winter without feeding failed to react, whereas frogs 
caught and used in the summer months showed irregular 
reactions that possibly might be considered significant. 

Because of these variations the American newt (Tri- 
tnrus viridewena ) was selected as a closely related spe¬ 
cies, which could be easily kept in the laboratory, and 
which could be fed without difficulty. In vitro and in 
vivo studies of possible hypersensitization were made 
in these animals. It was soon found that the tiny sice 
of newt organs made them unsatisfactory for kymo- 
graphic studies, and later studies were carried out using 
the mudpuppy ( Necturu* maculosus). During the in¬ 
vestigation, the newts were kept at room temperature 
in a closed aquarium jar, in a few inches of water with 
access to rocks. They were fed three times a week and 
would accept only live food, taking flies and earthworms 
readily. With the coming of eold weather they ceaaed 
to feed, and tho series, which was a 1 moat completed, was 
discarded. The mudpuppies .were kept in Tunning water 
at 18° C and refused to feed when offered earthworms, 
sliced rabbit liver, or rat meal. They were well fed on 
arrival and were all ueed within a month; most of the 
earlier animals saerifleed for tissue had food in the gut 

Injections were made intraperitoneally at a point mid¬ 
way between the front and hind legs. Horse serum was 
the only antigen used. This was about 10 months old 
but had been stored at -20° 0 without preservative. 
Sensitizing and shocking doses, which ranged from O.OB 
to 0.10 ml for the newta and 0,20 to 0.80 ml for the mud- 
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puppies, were spaced at irregular intervals, never less 
than 10 days apart. 

In vitro studies were made on n Straub heart 1 ' or 
strips of intestine or stomach, using the usual recording 
methods for these preparations. All chemicals used in 
the kymographic studies were made up in frog saline 
solution. 

A series of 14 American newts were injected intrn- 
peritoneally with 0.05 ml of horse serum in an attempt 
to sensitize them. At the same time four other newts 
were set aside uninjected as controls and were held under 
conditions comparable to those of the test group. All of 
the test animals were reinjected, using 0.10 ml of horse 
serum; two each at intervals of 18, 23, 28, 42, 48, 55, 
and 65 days after the initial injection. A control animal 
was injected with the same dose of antigen along with 
the first four pairs of test animals injected. No demon¬ 
strable evidence of hypersensitivity was observed. Simi* 
larly, the injections of the control animals produced no 
results, Two animals died subsequent to injection, but 
autopsy revealed evidence of trauma that could account 
for the deaths. Three animals received three injections 
each at irregular intervals, without reaction. 

The injection of test and control animals with 5 y of 
histamine phosphate produced no reaction, but 10 y pro¬ 
duced a transitory reaction of obvious distress. 

Muscle preparations using a section of the duodenal 
end of tlio intestine were disappointing, because the small 
size of the material rendered kymographic studies diffi¬ 
cult. However, it appeared that in three muscle prepara¬ 
tions studied, histamine 10 y, epinephrine 10 y, and horse 
serum 0.2 ml produced no demonstrable effect. Barium 
chloride, 2% solution, produced significant contractions 
of the gut, showing the ability of the muscle to respond. 
Heart and stomach preparations were not studied in the 
newt because of the technical difficulties involved. In 
view of the results of the organ studies, it was felt that 
the reaction in vivo with 10 y histamine web an artifact 
caused by the relatively large size of the dose ad¬ 
ministered. 

Of five mudpuppies obtained, two were sacrificed, with 
out previous attempts to sensitize them, for kymographic 
studies of heart, stomach, and intestine; and three were 
injected intraperitoneolly with 0.2 ml of horse serum. 
As this produced no evident reaction, tho animals were 
reinjected four days later, using 0.25 ml antigen in an 
effort to build up the allergic state. Again there was 
no immediate reaction, but one animal died two days 
lateT; autopsy showed blood In the abdomen, the cause 
of which was probably the trauma of injection. The 
remaining two animalB were injected again 18 days after 
the first sensitizing dose and showed no symptoms of 
shock. Five days later these animals were sacrificed lor 
study of isolated organ preparations. 

In kymographio studies of Straub heart preparations 
of both normal and serum-injected animals, histamine 
in doses as high as 10 y and horse serum in 0.2'ml doses 
failed to exert any effect on the contractility of the heart. 
Similar doses of histamine and horse serum failed to 


produce demonstrable responses when administered to 
stomach or intestinal preparations. One y of epine¬ 
phrine produced a marked increase in the amplitude of 
the myocardial contractions, while the same amount of 
acetylcholine depressed the contractility of the heart. 
These reactions were in agreement with those observed 
using fish Straub heart preparations (iff) and our ini 
published experiments With frog preparations. 

As a result of these data it can be concluded that, 
while teleost fish have the ability to become sensitized to 
protein antigens, are able to show histamine shock, and 
can show smooth muscle contractions in the preparations 
in vitro treated with histamine, the American newt and 
the mudpuppy have none of these characteristics. Acetyl¬ 
choline depresses the activity of frog, salamander, and 
fish heart, hut seems to play no role in hypersensitization. 
It is suggested that these data be used as additional evi 
deuce of the role of histamine in anaphylaxis. 
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Inactivation of Amino Acids by 
Autoclaving 1 

Robert John Evens end Helen A. fiucu 

Department of Agricultural Chemistry , 

Michigan State College, East Laming 

Recent work has shown that cystine is the only amino 
acid partially destroyed by autoclaving casein for 20 
hr at 16 lb pressure (J) . Lysine, arginine, and tryp¬ 
tophan suffer partial destruction when casein (£) or soy 
globulin (ff) is refluxed for 24 hr in a glucose solution, 
or when soybean oil meal is autoclaved for 4 hr (7). 
The amounts of aspartic acid, isoleueine, lysine, methio¬ 
nine, and threonine liberated by enzymatic digestion from 
casein in vitro are decreased after autoclaving (ff), as 
are all of the amino acids in soybean oil moal (7). 

Evans and Butts (X) found that autoclaving causes 
two types of inactivation of lysine, one a reaction of the 
lysine with sucrose to destroy it and the other a reaction 
with protein to render it unavailable after enzymatic 
ditfestiofi in vitro. Moreover, methionine reacts ..with 
sucrose or glucope to form a linkage not hydrolyzed by 
enzymes in vitro (ff). 

i Published with the approval of the Director of the Michi¬ 
gan Agricultural Experiment Station as Journal Article No. 
1007 (new series). 
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The present investigation was carried out to study the 
mechanism of amino acid inactivation by autoclaving. 
Soybean protein/ and a mixture of 8 g of soybean 
protein And 2 g of sucrose, were autoclaved for 4 hr 


and cystine for which the oxidised peptone medium of 
Lyman, et al. (4) wae used. 

The results are summarised in Table 1. None of the 
amino acids was significantly destroyed by autoclaving 


TABLE 1 

Auino Acid Inactivation Caused bt Autoclaving Soybean Pbotsin alone oa with Sucbose 

Acid hydrolysis Enzyme hydrolysis 



Total 

amino acid 
content 

% 

% 

Lost on 
autoclaving 

% 

Lost on 
autoclaving 
with 

sucrose 

Available 
amino acid 
content 
% 

% 

Lost on 
autoclaving 

% 

Lost on 
autoclaving 
with 
sucrose 

Arginine . 

6.01 

3 

42 

6.62 

8 

55 

Lysine .. 

_ 4.65 

3 

47 

8.07 

90 

84 

Histidine . 

2.20 

8 

10 

1.97 

ie 

42 

Aspartic acid . .. 

_ 3.75 

7 

6 

1.04 

87 

84 

Glutamic acid . 

_ 17.10 

2 

3 

4.74 

24 

50 

Cystine . 

_ 0.27 

D 

22 

0.21 

14 

80 

Uethlonlne . 

_ 1.12 

8 

2 

0.Q2 

0 

41 

Phenylnlaulne . 

6.17 

0 

0 

4. DO 

9 

14 

Threonine .. 

_ 8.28 

4 

1 

2.14 

8 

15 

Leucine . 

7.31 

2 

0 

6.14 

0 

18 

[so leu cl up . 

_ 3.83 

0 

0 

4.92 

8 

6 

Valine .. . 

_ 0.32 

2 

0 

5.19 

8 

8 


at 15 lb pressure. Unautoclaved protein was used as a 
control. Total and available amino acid contents of the 
proteins were determined by microbiological assay after 
either acid or enzymatic digestion in vitro as described 
previously (1, £). Ltucanostoc mesenterioidcs P-00 was 


soybean protein alone; but when the protein was mixed 
with sucrose prior to autoclaving, over 40% of the diamino 
acids, lysine and arginine, was destroyed. This destruc¬ 
tion was caused, apparently, by a reaction of the free 
amino groups with sucrose, because more than 45% of 


TABLE 2 

Inactivation of Freb Amino Acids Caused by Autoclavino with Soybean Psothin 

OH WITH SOYBEAN PBOTBIN AND SCCHOSB 


Percentage of 
added amino acid 
destroyed* 


Percentage of Percentage of added 

added amino acid amino acid Inactivated 

luactlvatedf but not destroyed 


Autoclaved 

with 

soybean 

protein 


Autoclaved 
with 
soybean 
protein 
+ sucrose 


Autoclaved 

with 

aoybean 

protein 


Autoclaved 
with 
soybean 
protein 
+ sucrose 


Autoclaved 

with 

soybean 

protein 


Autoclaved 
with 
Boybeuu 
protein 
+ sucrose 


Arginine . 7 45 2 50 0 5 

Lysine . 7 56 81 75 24 10 

Aspartic Acid . 22 97 88 56 11 0 

Cystine . 8 20 80 60 22 80 

Uethlonlne . 2 70 7 74 5 0 

Phenylalanine . 15 50 21 70 6 21 

Valine . 14 4fl 25 52 11 8 


* Percentage of added amino acid destroyed was calcula ted from the difference in recovery of amino acid from acid 
digests of the autoclnved and unautoclaved materials. 

t Percentage of added amino acid Inactivated was calculated from the difference in recovery of amino acid from eniyme 
digests la vitro of the autoclaved and unautoclaved materials. 


used for lysine, methionine, cystine, and aspartic add 
assays; Lactobacillus arabinosus 17-5 for leucine, iso- 
leucine, valine, threonine, phenylalanine, and glutamic 
acid; Streptococcus faeealis B for histidine; and Lacto- 
bacillus casei for arginine. The media of Bauberlich and 
Baumann (£) were used for all assays except methionine 

• "Alpha’ 1 protein furnished by The (Hidden Company, 
Chicago. 


each of the free amino acids used, except cystine, was de¬ 
stroyed when added to the protein-sucrose mixture before 
autoclaving (Table 2). Protein-bound cystine was also 
partially destroyed (22%) by the treatment, 

Autoclaving the mixture of soybean protein end 
sucrose, decreased the amounts of all amino adds liber: 
a ted by ensymatie digestion in vitro, some to a greater 
extent than others. Aspartic and glutamic adds were 






















June 3, 1949, Vol. 109 


SCIENCE 


571 


also partially inactivated when the protein was auto¬ 
claved in the absence of sucrose, possibly by a reaction 
of their free carboxyl groups with the free amino group 
of lysine to give a linkage resistant to enzymatic diges- 
tion. Cystine, methionine, and histidine inactivation was 
primarily caused by a reaction with sucrose to form an 
ensyme-reslstant linkage. As only small amounts of 
phenylalanine, threonine, leucine, isoleucine, and valine 
were inactivated, it appears that the amino acids which 
are inactivated are those with free amino or carboxyl 
groups, or with other active groups such as the sulfur of 
cystine and methionine, or the imidazole of histidine. 

Representative free amino acids were added to samples 
of soybean protein and the protein-sucrose mixture before 
autoclaving. The results are presented in Table 2. No 
relation between the behavior of free and protein-bound 
amino acids is apparent. Except for lysine, cystine, and 
phenylalanine, destruction nccounted for practically all 
of the inactivation. The important point iB that, except 
for cystine which is very insoluble under the conditions 
of autoclaving, over 45% of each of the free amino acids 
was destroyed when autoclaved with a mixture of soy¬ 
bean protein and sucrose. 

From the results of this investigation it appears that 
at least three types of reaction are involved in the in¬ 
activation of amino acids by prolonged autoclaving of a 
sucrose containing food or feed, such as soybean oil meal. 
Lysine, aspartic, and glutamic acids combine with some 
constituents of the protein, probably the free carboxyl 
with the free amino groups, to form enzyme-resistant 
linkages. The amino acids with free amino groups react 
with sucrose to destroy the amino acids. Protein-bound 
methionine, cystine, and histidine with sucrose form link¬ 
ages resistant to enzymatic hydrolysis in vitro. 
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Improved Apparatus for Radiobiological 
Syntheses 1 

Clyde A. Dubbs 

Univartity of Southern California Medical School, 
and Lei Awgtlei County Hospital* 

Radioactive natural compounds, invaluable tracers for 
studying intermediary metabolism, are most conveniently 
prepared by radiobiological methods. Livingston and 

L This worn was aided by a grant from the National Foun¬ 
dation for Infantile Paralysis. 

1 Present address: General Medical Research Laboratory, 
Veterans Administration Center, Los Angeles 20, California. 


Medea (4) demonstrated that a detached leaf can effi¬ 
ciently photosynthesize C“0* into 0“ carbohydrates. 
AronofF, Benson, Hassid, and Calvin (1) first reported a 
preparation of radioactive C“ glucose j and Putnam, 
Hassid, Krotkov, and Barker (0) have given detailed 
instructions for preparation. However, the apparatus 
designs employed by these pioneer workers warrant con¬ 
siderable improvement. A simplified photosynthesis ap¬ 
paratus and procedure, used to prepare C 1 * glucose for 
poliomyelitis studies, is described in this paper. 



Tube (T) (Fig. 1) is rinsed with water and left moist. 
A mature sweet potato leaf (petiole detached, fresh 
weight about 850 mg), which was removed from a plant 
in the light about 18 hr earlier, wet thoroughly, wrapped 
in wax paper and stored in the dark, is now arranged 
(under side feeing in) about the inner surface of the 
tube. A fl-ml vial (V), containing 50 mg of BaC^O.. 
moistened to avoid possible scattering, is placed at the 
bottom of the tube; the standard taper joint lubricated; 
and the photosynthesis vessel assembled as shown/' The 
vessel is evacuated through stopcock (8.), 0.0 ml of 3N 
HCIO* is introduced Into bulb (B) by means of a nar¬ 
row-tipped dropper, and stopcock (8*) is carefully 
opened to admit the acid to the carbonate. When the 
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mill dulution is clear and no longer effervescent! carbon 
dioxide-free air is admitted through stopcock (Si) to 
restore the internal pressure to atmospheric. Finally, 
the vessel is slipped into a stiff wire holder so adjusted 
that the vessel is disposed parallel to and 5 cm from b 
40-watt fluorescent lamp. The above manipulations can 
be carried through in 7 min or less. 

After photosynthesis has continued for 24 hr, 2 CO„ 
absorption vessels, each containing 10 ml of 0.05N 
Ba(OH), solution, 5% in BaCl a ■ 6H,Oj are attached as 
shown in Fig. 2. The second vessel connects with a 



Mariotte bottle, the outlet tube of which is lowered to ob¬ 
tain an air flow of about 10 ml per min through the urn- 
tem when the stopcocks are opened. After 20 min of 
aeration, excess Ba(OH) B is back-titrated with standard 
HC1, using phenolphthalein indicator. Essentially no 
CO a reaches the second absorption vessel. 

It was found from seven preliminary runs with in¬ 
active CO, that an average qf 0.27 mg CO, was assimi¬ 
lated per mg dry weight of sweet potato leaf in a 24-hr 
run under the described conditions. For a 10-hr run, 
52% of this amount was assimilated; for a 2-hr run, 
12%. In every 24-hr run where the amount of CO, was 
not in excess, essentially quantitative (98.8-09.6%) as¬ 
similation of available CO, took place, 

A simplified procedure, based on the fractionation 
scheme of Hassid, McCready, and Hosen/ela (J), was 
used to isolate C u glucose. The leaf was homogenized, 
Altered, and extracted 1 hr with 5 ml of 80% alcohol. 
Five ml of IN H e SO< was added to the extract, which 
was hydrolyzed for 30 min with simultaneous elimina¬ 
tion of the alcohol by distillation. A small excess of 
hot 10N Bn (OH), was added, the suspension slightly 
re-acidified with HgSO, and brought to final neutrality 
with solid BaCO„. After centrifuging off the residue 
and adding 300 mg of carrier glucose, the sugar solu¬ 
tion was concentrated under vacuum to a syrup, taken 
up fn 10 ml of 95% alcohol, brought to turbidity with 
ether, and set aside for glucose crystallisation. 

The extracted leaf residue was boiled 15 min with 5 . 
ml of acid alcohol (4 ml of concentrated HJ90, stirred 
into 500 ml of 05% alcohol), and extracted 15 min. The 
residue was then boiled 1 hr with 5 ml of water and water 
extracted 15 min. The combined aqueous starch solu¬ 
tions were then treated in exactly the same manner as 


described for the 80% alcohol extract, except that acid 
hydrolysis was continued for 1 hr, and only 100 mg of 
carrier glucose were needed to assure satisfactory crys¬ 
tallization, 

There were obtained from the starch extract 69 mg 
of crystalline glucose, 0.25 jic/mg, and from the soluble 
sugar extract 189 mg, 0.027 tie/mg. 1 Of the total ac¬ 
tivity assimilated, 20% was accounted for in the starch 
and soluble sugar extracts, 11% in the BaSO, residue 
from the alcohol extract, and 32% in the residual lent 
material. 

The sweet potato was used because of the ease of 
maintaining a continuous leaf supply for preliminary 
work. For the specific purpose of glucose preparation, 
other leaves are apparently superior. Whereas the po¬ 
tato leaf fixed 26% of the assimilated activity as starch 
and soluble sugar, Aronoff et al. (using the barley seed¬ 
ling) report 25 to 35%, Putnam et al. (using the tobacco 
loaf) apparently report 45 to 55%, and LivingBton and 
Medea (using the bean leaf) claim 90% fixation. 

Significant improvements will now be summarized: 
(1) A compact and simplified photosynthesis vessel per¬ 
mits considerable economy of time and effort in manipu¬ 
lation. (2) No special devices or leaf pretreatment are 
necessary to preserve humidity or the water content of 
the leaf, us evidenced by the fresh turgid condition of 
the leaf after a 24-hr photosynthesis period and by the 
essentially quantitative assimilation of a substantia) 
amount of CO a during this period. (3) No special tem¬ 
perature control apparatus is necessary, despite the 
proximity of light source and leaf. (4) The evolution of 
COi within the vessel is rapid yet under positive control, 
eliminating the spattering hazard. 

Perhaps the greatest advantage is the adaptability of 
the apparatus to subsequent fractionation procedures. 
For example, the leaf may be directly homogenized in 
the photosynthesis tube by the insertion of a rotating 
pestle, after the manner of Potter and Elvehjem (5). 
Centrifugation or, with the use of the universal micro- 
apparatus to be described elsewhere (5), filtration and 
extraction procedures nre possible without transfer of 
the plant material. Any such minimization of transfer 
is highly desirable when dealing with small amounts of 
material, especially radioactive material. 
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Comments and Communications 


Animal Experimentation in the 
District of Columbia 

On September 15, 1048, the executive committee of 
the AAAS adopted unanimously a resolution reaffirming 
its support for animal experimentation, in the interests 
of man and other species, and stating its belief that ani¬ 
mals for research and teaching should be provided by 
legislation or ordinance where necessary. Such legisla¬ 
tion has been adopted in Michigan and Minnesota, and 
ordinances of the type supported are in effect in Chicago, 
Dallas, and many other cities. Similar proposals have 
been defeated in Pennsylvania and deferred in Maryland, 
Massachusetts, and elsewhere. The campaign nationally, 
under the auspices of the National Society for Medical 
Research, for positive legislation of this sort, is at n 
stage of rather precarious dynamic equilibrium. 

In April bills were introduced in Congress to provide 
a fraction of the unclaimed impounded animals in the 
District of Columbia for teaching and research In local 
Institutions inspected and licensed by the Health Depart¬ 
ment. At present, such Animals are slaughtered. Be¬ 
cause Congressional action is called for, a good deal of 
national interest has been aroused, although the bills are 
District of Columbia measures. The antivivisectionists, 
at least, realize the wider significance of the measures, 
and have organized a national telegram-and-letter cam¬ 
paign which, together with display advertising in local 
newspapers, has resulted in a flood of communications to 
Congressmen and the District of Columbia Commission¬ 
ers. Since Senate hearings have ended, it is especially 
important that letters and telegrams of support be sent 
the District of Columbia Committees of House and Sen¬ 
ate, The AV'a have thousands of dollars in thoir local 
treasuries for this campaign, 

The Committee for Health and Research, composed of 
local teachers, physicians, scientists and other friends of 
progress in medicine and related fields, have no funds 
and, since the Committee was organized only recently, 
few members. We cannot match, therefore, such efforts 
as the opposition's national mailing to members and 
friends of the American Humane Association. Through 
the columns of Science, however, we hope to galvanize 
the silent majority (Counting, according to sampling 
of the public, to more than 00% of the American people) 
on our side. 

The Committee ask that readers of Science (1) write 
letters or send telegrams to the District of Columbia 
Commission and to the District of Columbia Committees 
of House and Senate, supporting H.R. 4840 and S. 1703; 
and (2) secure similar action by organizations of all types 
—parent-teacher associations, citizens 9 groups, unions, 
faculties of educational institutions, and professional, 
scientific and industrial bodice—of which readers are 
mem lien. 


The Committee will be glad to furnish copies of the 
bills and other information upon request. The fate of 
H.R. 4349 and S. 1703 will affect the supply of animals 
for teaching, research and consumer testing in every com¬ 
munity in the United States. Quick support is essential. 

William F. Hewitt,,.Tr. 

Executive Secretary, 

Committee for Health and Research 

Interpretation of Lindner’s Test for 
Plant Virus Diseases 

In using Lindner’s colorimetric test for the presence 
of plant virus diseases ( Science , 1948, 107, 17) in a 
tissue culture of virus tumor discovered and isolated by 
L. M, Black in 1944, it became apparent that the method 
described by Lindner for virus presence is a modification 
of the Benedict test for reducing substances. The com¬ 
ponents of the reagent are similar to those in Benedict 
solution—an alkaline solution of copper sulfate. Lindner 
sujb, ' ‘ Copper sulfate seems to catalyze the formation of 
the red color. 1 J Actually the copper sulfate is the re¬ 
agent, being reduced to cuprous oxide, hence accounting 
for tho red color produced. The blue-green color result¬ 
ing when normal, virus-free leaves were tested probably 
came from the reducing substances normally present; and 
the red color, when virus-infected leaves were tested, 
from an abnormal accumulation of reducing substances. 
In Cook's Viruses and virus diseases of plants , there are 
conflicting reports concerning the accumulation of reduc¬ 
ing substances in virus-infected plants. 

The Interfering factor, girdling, can be accounted for, 
since it is well known that the procedure causes accumu¬ 
lation of carbohydrates and apparently reducing sub¬ 
stances above the ringed portion. 

Lindner's interpretation of the test—that tho virus 
may cause some disturbance in the phloem—can be ex¬ 
tended to include the idea that it also causes accumula¬ 
tion of reducing substances. 

The following materials were tested for the presence 
of virus disease, according to the method outlined by 
Lindner: 

Amount or red coloh 


Material 

PRODUCED 

(Cuprous oxide formed) 

Glucose . 

+ + + 

Virus tumor ..... 

+ + + 

Agar on which tumor feas 


grown ... 

+ + * 

Virus-free pea leaves__ 

+ 


This communication does not decry the usefulness of 
the teat as a detector of virus diseases, but urges that 
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when It 1 b used, the results be interpreted in terms of 
reducing substances present. 

Sally Kelly 

Department of Plant Science, 

Vassar College 

Note on the Chemistry of Dram amine 

in the treatment of various allergies by the antihis- 
taminic drugs which have appeared so profusely in the 
last few years, there have been observed undesirable 
side reactions, such as drowsiness, which detract from 
their usefulness. Attempts have been made with certain 
of the antihistamines to offset the drowslneBB by chemical 
combination with the methyl xanthines, selected because 
of their central nervous stimulating properties. Because 
of the low ionization constants of the methyl xanthines, 
however, no stable salts were obtained. 

The chemical problem has been solved in the case of 
dim ethyl am inoe thy 1 benzohydrjd ether (Dramamine) by 


the use of B-chlorotheopliyllin, which has a high enough 
ionization constant to form a stable salt. 

The salt is readily made by dissolving the 8-chlorotheo- 
phyllin with a slight excess of the base in any eultable 
hot organic solvent, such as methyl ethyl ketone or etha¬ 
nol. On cooliug, it precipitates as a nice sandy material 
in almost quantitative yield based on 8-chlorotheophyllin, 
mp 101-3° 0, empirical formula CuHanOaNgCL 

Analysis : Theory % Found % 

Chlorine 7.56 7.45 7.40 7.51 

Basic N 2.98 2.08 2.98 

8-Chlorotheophyllin 46.67 45.05 45.62 

The use of this compound in preventing motion rich¬ 
ness was reported by Leslie N. Gay and Paul E. Carliner 
at the meeting of the Johns HopkinB Medical Society, 
February 14, 1949, and a statement was published in 
Science, April 8, 1049. John w COT, r 

O. D. Searle and Company , Chicago 


Association Affairs 


K. Lark-Horoylta, head of the Department of Physics 
and director of the Physical Laboratory at Purdue Uni- 
versity, has been elected general secretary of the AAAS 
for the term ending 1952. His election follows a brief 
period of service to complete the unexpired term of the 
late Otis W. Caldwell. 

Dr. Lark-Horovitz is best known for his researches in 
the physics of solid state and nucleonics and for his 
recent experimental investigations and theoretical inter¬ 
pretations of the behavior of electronic semiconductors. 
He is chairman of the Cooperative Committee on the 
Teaching of Science for the association and was one of 
the contributors to Vol. IV of the President 1 ! Scientific 
Research Board Report. 

The new secretary will also serve on the Publications 
Committee. 

Affiliated and Associated Societies 1 
Meeting with the AAAS 
New York, December 26-31 

Nearly all of the affiliated and associated societies 
meeting with the American Association for the Advance¬ 
ment of Science at its 116th Annual Meeting in New 
York City, December 20-31, 1949, have reported the pre¬ 
liminary estimates of their session room requirements. 
The following list of individual meetings is compiled 
from the reports of the secretaries of these societies and 
sections. (The exact dates of each within the six-day 
period are tentative in only a few instances.) 

AAAS .—Presidential Session and Reception of AAAS, 
evening of Dec. 28; Symposia sponsored by AAAS, after- 

1 Notices of the dates and places of the meetings of affili¬ 
ated and associated societies, not meeting with the AAAS. 
appear in Science and The Scientific Monthly whenever that 
Information Is stmt In directly to the editorial offices. 


noon of Dec. 29. (Association headquarters hotel, 
Statler.) 

A — Mathematics. —American Mathematical Society, 
Dec. 27-29; Institute of Mathematical Statistics;! 
Mathematical Association of America, Dec. 29, 80. 
(Mathematicians Headquarters hotel, Governor Clinton.) 

B — Physics .—Section B, Dec. 29, 30. 

C—Chemistry .—Section C, Dec. 29-31. Phi Lambda 
Up si Ion. 

D — Astronomy. —Section D. 

E—Geology and Geography .—Section E and Geological 
Society of America, joint meeting; American Geograph¬ 
ical Society of New York; Association of American 
Geographers; National Geographic Society, Annual Lec¬ 
ture, afternoon of Dec. 27. 

F — Zoological Sciences. —Section F; American Society 
of Parasitologists, Dec. 27-29 (including demonstrations 
at Columbia) ; American Society of Zoologists, Dec. 28- 
30; Society of Systematic Zoology, Dec, 29. Zoologists 1 
headquarters hotel, Statler.) 

FG — Zoological and Botanical Sciences. —American 
Microscopical Society, Dec. 27 and 30; American Society 
of Limnology and Oceanography, Dec. 28-30; American 
Society of Naturalists, Dec. 80 (Biologists f smoker prob¬ 
ably Dec. 29); Beta Beta Beta Biological Fraternity, 
Dec. 28; Biometric Society, Eastern North American 
Region; Ecological Society of America, Dec. 27-29; 
Genetics Society of America, Dec. 28-80 (Including 
demonstrations at Columbia); American Society of Hu- 
1 man Genetics; National Association of Biology Teachers, 
Dec. 27-30; Society for the Study of Evolution, Dee. 
27-30, a panel discussion of 11 Botany in the Service of 
Mankind.” 

1 These societies also are participating in the programs of 
the Allied Social Science Association organisations which are 
meeting st the same time In the Grand Central tone of New 
York City. 
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0—Botanical Science *.—Section G, Dec. 29; American 
PhytopatholQgical Society, Dec. 27-30; American Society 
of Plant Physiologists, Dec. 27-29; American Society of 
Plant Taxonomists, Dec. 27-30; Botanical Society of 
America, Dec. 26-30; Mycologieal Society of America, 
Dec. 27-30; Toirey Botanical Club; American Fern 
Society; American Bryologieal Society, Dec. 27-28; Phy- 
cological Society of America, Dec. 27-28. (Plant sci- 
ences headquarters hotels, McAlpin and adjacent Mar¬ 
tinique.) 

I — Psychology .—Section I, Dec. 27-28 (including Joint 
meeting with Section Q); Society for Research in Child 
Development, Doc. 28-29. 

K—Social and Economic Sciences .—Section K; Acad¬ 
emy of World Economics and American Economic Asso¬ 
ciation, 2 joint meeting, Dec. 28; American Sociological 
Society, Dec. 27-29; American Statistical Association; 2 
Econometric Society; 1 Pi Gamma Mu; Metric Associa¬ 
tion, Dec. 30. 

L—History and Philosophy of Science. —Section L and 
Philosophy of Science Association, joint meeting, Dec. 
29-30. 

M — Engineering .—Joint meetings of Section M and 
Instrument Society of America, Dec. 26; Technical 
Society Council of New York, Dec. 27; Metropolitan 
Section of American Society of Mechanieal Engineers, 
Dec. 30. 

AT —Medical Societies .—Section N; Subsection Np, 
Pharmacy, Dec. 27, 28; Alpha Epsilon Delta Fremedical 
Honor Society, Dec. 27; American Dietetic Association. 

Q— Education. —Section Q, Dec. 27, 28 (including joint 
meeting with Section I); National Science Teachers 
Association, Dec. 27-30. Science Teaching Societies 
affiliated with the AAAB, i.e., ANSS, NABT, N8TA and 
the Cooperative Committee of the A A AS, will hold joint 
meetings Dec. 27-29; (Science Teaching, Education and 
Psychology headquarters hotel, New Yorker). 

X—General Science Societies. —American Nature 
Study Society, Dec. 27-30 (including an all-day Field 
Trip, the last day); Honor Society of Phi Kappa Phi, 
Dec. 28, 29; National Association of Science Writers; 
Sigma Delta Epsilon, Graduate Women's Scientific Fra¬ 
ternity, Dec. 28, 29; The Society of the Sigma Xi, Dec. 
27 including the annual address in the evening. 

Nearly all the Association’s 17 Sections and Sub¬ 
sections are planning strong programs (synopses of the 
Section programs will appear in Science shortly). A 
special committee of the Executive Committee of the 
American Association tm the Advancement of Science 
is arranging for the symposia in the fields of biology 
and physical sciences. There are numerous joint meet¬ 
ings and several symposia planned by the societies them¬ 
selves—Including one on experimental eell research, and 
the coordinated program of the science teaching societies 
In conjunction with the AAAS Cooperative Committee. 

It is already apparent that the 1949 Annual Meeting 
will be one of the best balanced and most convenient in 
the Association *s 101-year history. It has been possible, 
for Instance, to concentrate the soological and medical 
meetings In the Statler and nearby Governor Clinton, 


the educational, science-teaching and psychological meet¬ 
ings in the New Yorker, and all of the plant sciences In 
the McAlpin and adjacent Martinique. A few societies 
such sb the mathematical groups and the Ecological 
Society of America, that particularly desire academic 
classrooms, will bo accommodated in Columbia Univer¬ 
sity (20 minutes away from the Penn Zone on the Broad¬ 
way-Seventh Avenue or West Side subway). 

Firms and other organizations of service to scienoe 
have recognized that this will be one of the best at¬ 
tended meetings. At this time, seven months in advance, 
the following already have made definite arrangements 
to exhibit in the Penn Top of the Hotel Statler: The 
Albino Farms; American Book Company; American 
Cancer Society; American Optical Company; Appleton- 
Century-Crofts, Inc.; The Association of American Uni¬ 
versity Presses; Bausch and Lomb Optical Company; 
Biological Abstracts; The Blakiston Company; Bussey 
Products Company; Cambridge Instrument Company, 
Inc.; Carolina Biological Supply Company; Fred S. 
Carver, Inc.; Central Scientific Company; Cinchona 
Products Institute, Inc.; Coreco Research Corporation; 
Thomas Y. Crowell Company; Denoyer-Geppert Com¬ 
pany ; International Business Machines Corporation; 
Eastman Kodak Company; Gamma Scientific Company; 
General Biological Supply House, Inc.; Harper and 
Brothers; JarreH-Ash Company; Kohl Scientific Instru¬ 
ment Corporation; E. Leitz, Inc.; The Linguaphone 
Institute; J. B. Lippincott Company; The Macmillan 
Company; McGraw-Hill Book Company, Inc.; G. & C. 
Merrinm Company; The C. V. Mosby Company; National 
Geographic Society; National Spectrographic Laborator¬ 
ies, Inc.; New York Scientific Supply Company, Inc.; 
Nuclear Instrument and Chemical Corporation; The 
Nucleonic Corporation of America; Pfaltz and Bauer, 
Inc,; Philosophical Library; Prentice-Hall, Inc.; The 
Rayoscope; Rinehart and Company, Inc. and Murray Hill 
Books, Inc.; W. B. Saunders Company; Schwarz Labo 
ratories, Inc.; The Squibb Institute for Medical Re¬ 
search ; The Technicon Company; Tracerlab, Ine.; 
Ward’s Natural Scienoe Establishment, Inc.; W. M. 
Welch Scientific Company; and John Wiley and Sons, 
Inc. 

Advance registration and hotel room reservation will 
begin in September. There will be coupons In Science 
for both. The New York Convention Bureau will handle 
the reservations and the hotels will send prompt con 
firmations directly. 

The Advisory Board of the Gordon Research Con¬ 
ferences has elected Charles N. Frey, director of Scien¬ 
tific Relations of Standard Brands, Inc., and Herman 
Mark, director of the Institute of Polymer Research and 
professor of organic chemistry, Polytechnic Institute of 
Brooklyn, to the Management Committee of the confer¬ 
ences. The Executive Committee of the AAAS has con¬ 
firmed the election. Dr. Frey and Professor Mark succeed 
Dean Burk, National Institutes of Health, and George 
Calingaert, director of chemical research at the Ethyl 
Corporation, who will retire next September. 
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NEfVS 
and Notes 

National Science Foundation. 

The Subcommittee on Public Health, 
Science, and Commerce of the House 
of Representatives ' Committee on 
Interstate and Foreign Commerce, 
has completed its consideration of 
science foundation bills. On May 
24 the chairman, J. Percy Priest, in¬ 
troduced a new bill, H, R. 4846, 
which embodies the subcommittee ’e 
compromises and revisions of the 
several bills It has had under con¬ 
sideration. 

H. R. 4846 differs in details from 
the earlier bills. The responsibilities 
of the 24-inan board and of the di¬ 
rector are more clearly defined than 
In earlier bills. Like most of the 
earlier ones, but unlike S. 247 (the 
bill passed by the Senate), H. R. 
4846 requires the selection of an 
executive committee of the board. 
The medical commissions are op 
tional rather than required in both 
Senate and House bills. Throughout 
H. R. 4846 there are a number of 
changes in wording and rearrange¬ 
ments of sections. These changes 
clarify the Foundation's operations 
without altering its functions. 

The bill must next receive approval 
of the Committee on Interstate and 
Foreign Commerce. The earliest pos- 
sible date for that approval is June 
8. Then it will be ready for sched¬ 
uling for a vote by the House of 
Representatives. All scientists who 
are interested in the establishment of 
a National Science Foundation 
should immediately inform their Rep¬ 
resentatives that they want H. R. 
4846 passed promptly. 

Dael Wolfle 


David T. Smith, bacteriologist at 
Duke University, has been named 
president-elect of the National 
Tuberculosis Association to succeed 
R. D. Thompson of Pasadena, Cali¬ 
fornia. Dr, Smith was recently 
swarded a 94,000 renewal gTant by 
the association to continue his studies 


of chemical agents that appear to 
inhibit growth of tuberculosis germs. 

Richard H. Young, dean of the 
College of Medicine, University of 
Utah, has been appointed dean of 
Northwestern University School of 
Medicine. Dr. Young will succeed 
J. Roscoe Miller, who will become 
Northwestern's president in July. 

Giles E. Hopkins, former director 
of applied research of the Textile 
Research Institute, lias been ap¬ 
pointed technical ‘director of the 
Wool Bureau, Inc. He will direct a 
continuing study of the chemical and 
physical characteristics of wool. 

Jacob Furth, director of the 
Branch Reference Laboratory, Vet¬ 
erans Administration Hospital at 
Dallas, Texas, has been appointed 
chief of the pathology section, Di¬ 
vision of Biology, Oak Ridge Nn- 
tional Laboratory. 

Midwest Research Institute of 
Kansas City, Missouri, has announced 
the appointment of Max H. Thorn¬ 
ton as chairman of its Chemical Re¬ 
search Division. 

Percy Williams Bridgman, re¬ 
search professor of physics at Har¬ 
vard University, and Norman Levi 
Bowen, petrologist In the geophysi¬ 
cal laboratory of Carnegie Institution 
in Washington, have been elected to 
the Royal Society of Great Britain. 

Paul E. Hemke, head of the De¬ 
partment of Aeronautical Engineer¬ 
ing, Rensselaer Polytechnic Insti¬ 
tute, has been appointed faculty dean 
of the institute. He will succeed 
Matthew A. Hunter, who is retiring 
at the end of the college year. 

Visitors to U. S. 

W. FlUgge, French mechanical en¬ 
gineer, is teaching a course based on 
his book Statics and dynamics of 
shells at the Stanford School of 
Engineering. Dr. Ftllgge's wife, 
Irmgard FlUgge-Lots, is also lec¬ 
turing at the school during the spring 
quarter on "Theory of Boundary 
Layer.'' 

Vi si tors at the National Bureau of 
Standards during the week of May 
10-20 included: T. Bedford, chief 
chemist, Bureau of St&ndarda, Pre¬ 
toria* South Africa; Lara Melander, 


radlochemist, Nobel Institute for 
Physics, Stockholm; Marcel J. Pour- 
balx, chef de travaux, University of 
Brussels; Dag Hartman, chief 
radio and electronics engineer, Saab 
Aircraft Company, Linkoping, Swe¬ 
den ; A. Masson and A. Sable, 
Soci6t£ d ’Electrochimie d 'Ugine, 
Paris; William Wild, Ministry of 
Supply, Atomic Energy Research Es¬ 
tablishment, Harwell, England. 

Dominic Brachett, director of the 
Cancer Institute of the University of 
Buenos Aires, Is visiting the Uni¬ 
versity of Texas Medical Branch, 
Galveston, to work with W. W. Now- 
inski, director of the Nouro-Chem- 
istry Laboratory, on enzyme factors 
in tissue growth. 

Grants and Awards 

The Passano Foundation of the 
Williams and Wilkins Company 
will present its annual 95,000 award 
for the advancement of medical re¬ 
search to Oswald T. Avery, member 
emeritus of the Rockefeller Institute 
foT Medical Research. The presen¬ 
tation will be made on June 8. Dr. 
Avery, the fifth recipient of the 
award, will be honored for his classi¬ 
fication, analysis, and investigation 
of the immunological relationships of 
the pneumococci. 

The University of Chicago pre¬ 
sented the first Howard Taylor 
Ricketts Award for outstanding ser¬ 
vice to medicine on May 3, the anni¬ 
versary of the death of Dr. Ricketts. 
The medals were awarded to Lud¬ 
vig Hektoen, who has been chairman 
of the Department of Pathology at 
the university and director of the 
McCormick Institute for Infectious 
Diseases, and to Russell Wilder, head 
of the Division of Medicine at the 
Mayo Clinic. 

Summer Programs 

The Second Canadian Mathe¬ 
matical Congress and Seminar will 
be held at the University of Britiah 
Columbia, Vancouver this summer, 
the seminar August 10-September 
10 and the congress September 5-10. 
Members of the American Mathe¬ 
matical Association are invited to 
attend. Further information may 
be obtained from the Canadian 
Mathematical Congress, Engineering 


June 3, 1949, Vol. 109 


SCIENCE 


577 


Building, McGill University, Mon- 
treai, Canada, 

North Dakota Agricultural Col¬ 
lege will conduct a paint short course 
June 27-July 10. The course will 
stress recent developments in the 
technology of paint and will he ad¬ 
ministered by the university 'b 
8chnol of Chemical Technology. 

Meetings and Elections 

The New Orleans Academy of 
Sciences, at its annual meeting at 
Tulane University, New Orleans on 
April 29-30, elected the following 
officers: president, L. J. fitroli- 
moyer, Loyola University; vice presi¬ 
dent, F. R. Cagle, Tulane Univer¬ 
sity; secretary, W. G. Moore, Loy¬ 
ola University; treasurer, J. K. 
Reiss, Tulane University; curator, 
G, F. Taylor, Tulane University; 
members of executive council, T. L. 
Duggan, Loyola University and It. 
Campbell, U. S. Forest Service. 

The United States was doubly 
honored at the recent meetings of 
the International Geographical 
Congress held at Lisbon, April 8-15. 
The general assembly voted to hold 
the next congress, the seventh, in the 
U. S. in 1952, thus recognizing the 
centenary of the American Guo- 
graphical Society, and elected as its 
new president George B. Cressey, 
chairman of the Department of Geog¬ 
raphy at Syracuse University. The 
congress brought together 330 geo¬ 
graphers from some 30 countries; 
registration from organizations and 
individuals not in attendance brought 
the total to 700. Unfortunately, no 
delegates were present from behind 
M the iron curtain. 1 ' In order to 
stress the international character of 
the union, the nino newly elected of¬ 
ficers were chosen from pipe coun¬ 
tries, with representatives from both 
Asia and Latin America, The new 
.secretary is George T, K. Kimble, of 
McGill University in Montreal. 

The private and professional 
character of the International Geo¬ 
graphical Union was reaffirmed, al¬ 
though in a number of countries the 
dues are paid by the government. 
Membership is through a series of 
national committees, each Appointed 
by the principal academy of science 


or national research council which 
serves as the adhering organization. 
The union changed its statutes to 
provide for a new voluntary basis of 
membership in which each country 
elects to join one of eight categories 
with a graduated series of 1 to 15 
units for the dues. Until the time of 
the next congress each unit has been 
fixed at $100. The former basis of 
graduated voting was abolished so 
that in administrative matters each 
national committee has an equal vote. 

The principal activities of the 
union between sessions of the con- 
gross concern the operation of a 
series of commissions, 13 of which 
were appointed at Lisbon. These 
range from problems in population, 
ports, land use, and medical geog¬ 
raphy to peri glacial morphology, soil 
erosion, terraces, and aerial photo 
interpretation. 

George B. Crebsey 

The American Society for Phar¬ 
macology and Experimental Thera¬ 
peutics, nt its Detroit meeting, April 
18-22, elected the following officers: 
president, Carl F. Schmidt, Univer¬ 
sity of Pennsylvania; vice presi¬ 
dent, John C. Krantz, Jr., Univer¬ 
sity of Maryland; secretary, Harvey 
B. Haag, Medical College of Vir- 
ginin; treasurer, K. K. Chen, the 
Lilly Research Laboratories; and 
councilors, Thomas C. Butler, Johns 
Hopkins University; Arthur C. De- 
Graff, New York University; and 
Robert A. Woodbury, University of 
Tennessee. 

The Society for General Micro¬ 
biology held a symposium on "The 
Nature of the Bacterial Surf ace* * 
at the Royal Institution In London 
on April 20-21. The principal 
speakers were N. W. Pirie, Botham- 
stead Experimental Station; W. T. 
J. Morgan, the Lister Institute for 
Preventive Medicine; M. Stacey, 
Birmingham University; Peter Mit¬ 
chell, Biochemical Laboratory, Cam¬ 
bridge; T. F. Anderson, University 
of Pennsylvania; A, A. Miles, Na¬ 
tional Institute for Medical Re¬ 
search; E, T. 0, Spooner, London 
School of Hygiene and Tropical 
Medicine; Harriet E. Taylor, Lab- 
oratoire de Genetique, Paris; A. 
Pijper, Pretoria University; T. Y, 


LCiugma Boltjea, of Amsterdam; W. 
van Iterson and A, L. Houwink, 
both of Delft; D, McLean, of 
Elstree; Sir Alexander Fleming and 
W. H. Hughes, both of Paddington. 

At the annual general meeting of 
the society the following officers 
were elected: president, J. W. 
McLeod; honorary treasurer, H. J. 
Bunker; and honorary secretaries, 
J. G. Davis (general) and W. E. 
van Heyningen (meetings). 

The Association of Southeastern 
Biologists elected the following 
officers at its annual meeting, April 
14-16, at the University of Tennes¬ 
see: president, Howard M. Phillips, 
Emory University; president-elect, 
Elon E. Byrd, University of Georgia; 
vice president, Harley B. Sherman, 
University of Florida; secretary- 
treasurer, Alvin V. Beatty, Emory 
University; members of the executive 
committee, Bruce D. Reynolds, Uni¬ 
versity of Virginia and Dalton M. 
Brown, East Tennessee State Teach¬ 
ers College. Dr. Phillips was ap* 
pointed the association's represen¬ 
tative on the Council of the AAAS. 

The 23rd National Colloid Sym¬ 
posium, sponsored by the Colloid Di¬ 
vision of the American Chemical 
Society, will bo held at the Univer¬ 
sity of Minnesota June 0-8. The 
meeting will be devoted to discus 
sion of five phases of colloid chem 
istry: proteins, inorganic colloids, 
membranes, carbon blacks and solu¬ 
bilisation, and ion exchange phe¬ 
nomena. 

The National Research Council and 
the Office of Naval Research will 
jointly sponsor a Symposium on 
Wood which will be held June 16-17 
at the National Academy of Sci¬ 
ences, One session of the meeting 
will be devoted to the requirements 
of the National Military Establish¬ 
ment ; other sessions will cover 
mechanical, chemical; and biologi¬ 
cal aspects of wood; a fifth session 
will discuss marine borers. 

The Division of Physical and In¬ 
organic Chemistry of the American 
Chemical Society will hold a Sym¬ 
posium on tits Solid State at the 
Mellon Institute In Pittsburgh June 
20-42. William J. Kirkpatrick 
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will be chairman of the meeting, 
and E. L. Warrick ie in charge of 
housing. Both may be addressed 
In care of the Mellon Institute. 

A Symposium on Light and Liv¬ 
ing Organisms will be held at the 
annual meeting of the Society of 
Qeneral Physiologists at the Marine 
Biological Laboratory in Woods 
Hole, Massachusetts June 22-24. 
Further information may be ob¬ 
tained from Professor Arthur K. 
Parpart, Biology Department, 
Princeton University. 

Meetings and Elections 

The New England Section of the 
Optical Society of America was 
installed May 0, in Boston. Stanley 
8. Ballard, secretary for Local Sec¬ 
tions, officiated at the installation, 
and was assisted by two former OSA 
presidents, Arthur C. Hardy and 
George R. Harrison, The speech of 
the evening, 11 Color Translation and 
Ultraviolet Microscopy,” was given 
by Edwin H. Land. 

The new section, formerly the 
New England Optical Society, 
draws itB membership largely from 
the greater Boston area, but meet¬ 
ings are also attended by scientists 
and Btudents from Rhode Island, 
Connecticut, New Hampshire, and 
western Massachusetts. 

The newly elected officers are: 
president, Duncan E. Macdonald, 
Boston University Optical Research 
Laboratory; vice president/ David 
8. Grey, Polaroid Corporation; sec- 
retary, John T. Watson, Boston 
University Optical Research Labora¬ 
tory; and treasurer, Russel P. Ma¬ 
han, Baird Associates, Inc. 

Deaths 

Hany T. Edwards, 71, fiber spe¬ 
cialist, died May 6 in Washington, 
D. C. Dr. Edwards, who retired from 
the Department of Agriculture in 
1940 after 20 years of service, was 
instrumental in introducing m anil a 
hemp plantations into tropical Amer¬ 
ica In 1026. 

Philip Sidney Smith, 71, geolo¬ 
gist, died May 10 at Bt. Albans, 
Vermont. Dr. Smith joined the. Geo¬ 


logical Survey in 1906, and retired as 
chief of the Alaskan Division in 
1946. 

John M. Cooper, 69, chairman of 
the Department of Anthropology at 
Catholic University, died May 4 of 
a heart attack at the university. 
Msgr, Cooper, author of several 
volumes on North American Indian 
tribes, was editor of the scientific 
magazine, Primitive Man, and .pub¬ 
lications of the Catholic Anthro¬ 
pological Conference; the prelate 
also served on the editorial boards 
of the Journal of Social Hygiene 
and Parents' Magasine. 

William W. Hansen, 39, physi¬ 
cist, died May 29 in Palo Alto, 
California, Dr. Hansen, pioneer in 
radar research and development, was 
elected to the National Academy of 
Sciences and was awarded the Lieb- 
man Memorial prize for outstand¬ 
ing work as a radio engineer. 


Starring will be temporarily dis¬ 
continued for the eighth edition of 
American Men of Science. It has 
been announced by Jaquee Cattell, 
editor, that the growth and Integra¬ 
tion of all fields of science since the 
publication of the last edition have 
made the establishment of an equit¬ 
able system of starring very diffi¬ 
cult, After consultation with the 
special Committee on Starring ap¬ 
pointed by the AAAS, he has de¬ 
cided to leave open the question of 
starring in future editions of the 
directory. 

A Guide to Rueeien Scientific 
Periodica] Literature, published by 
the Brookhaven National Laboratory 
for the purpose of acquainting Eng¬ 
lish-speaking scientists with the work 
of the Soviet Union, may be obtained 
by writing to the Information and 
Publications Division Brookhaven 
National Laboratory, Upton, New 
York. The seven issues published to 
date include translations of titles of 
articles in Russian scientific journals, 
beginning with 1947 when the Rus¬ 
sians discontinued the printing of 
English tent in their journals; trans¬ 
lated abstracts of papers on physics 
and nuclear science; complete trans¬ 
lation, of significant articles in the 


field of nuclear science, such as the 
one on cosmic rays by A. I. Alikhan- 
yan; and listings of titles of trans¬ 
lated articles available at Brook¬ 
haven 's Central Repository for 
Translations of Russian Scientific 
Articles. 

Ruins of stone-and-whalebone 
houses built by ancient Thule Es¬ 
kimos on Cornwallis Island In the 
northern Canadian Arctic Archi¬ 
pelago will be explored this sum¬ 
mer. Henry B. Collins, Jr., and J. 
P, Michea will represent respective¬ 
ly the sponsors of the expedition, 
the Smithsonian Institution and the 
National Museum of Canada. The 
archeologists hope by their excava¬ 
tions at Resolute Bay to establish 
the relationship between the 000- 
to-800-year-old Thule culture and 
that of the Dorset Eskimos, prede¬ 
cessors of the ThuleB. The village 
sites may also reveal information 
about the migration of both groups 
eastward and northward to Green¬ 
land. 

Make Plan9 for— 

Symposium on Fine Particles 
and Resolutions, June 9-10, Stevens 
Hotel, Chicago. 

American Physical Society, semi¬ 
centennial meeting, June 16-18, Cam¬ 
bridge, Massachusetts. 

Institute of Mathematical Sta¬ 
tistics, June 10-18, Berkeley, Cali¬ 
fornia. 

American Society of Medical 
Technologists, ann ual convention, 
June 19-23, Hotel Roanoke, Roanoke, 
Virginia. 

Mathematical Association of 
America, joint meeting with Mathe¬ 
matics Division, American Society* 
for Engineering Education, June 
20-21, Rensselaer Polytechnic Insti-^ 
tute, Troy, New York. 

. «. 

American Institute of Electrical 
Engineers, summer general meeting, 
June 29-24, New Ocean House, 
Swampscott, Massachusetts. 

Heat Transfer and Fluid Me¬ 
chanics Institute, June 22-24, Uai- 
venity of California, Berkeley. 
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Quantitative Relations in the Physiological 
Constitutions of Mammals 

E. F. Adolph 

Deportment of Physiology, The University of Rochester, Rochester, New York 


T he investigation of vital func¬ 
tions customarily end* with the establish¬ 
ment of a relation between process X and 
process Y. It need not end bo; and the object of 
the present paper is to show bow the relations may 
be multiplied, providing either X or Y is used as a 
common correlative in further studies. 

Most data of physiology concern the rates of proc¬ 
esses. The rates represent the events, regardless of 
the maimer in which the processes are performed, By 
measuring the ordinary events of living in several spe¬ 
cies, or in several individuals of diverse sizes or activi¬ 
ties, the disproportionalltles among processes are dis¬ 
closed. The present description is limited to correla¬ 
tions among species and chiefly to data upon mam¬ 
mals. The result illustrates a quantitative method in 
comparative physiology and in generalized physiology. 



Fie. 1. Rate of Water intake !/) la relation to body 
weight (B) among species of mammals. I-.010 £>*, From 
Adolph (1, p. S70), fa 


In a previous study, rates of water exchanges were 
correlated with body sines among mammals (1, p, 
270). One set of those data is reproduced in Fig. 1. 
ft is evident that logarithms of water intakes (I) 
are proportional to logarithms of body weights (£). 
The data fit an equation; 

< . . , ' . , . . (I) 

whtoS my *l*o be written: 

-- r ‘k^*W*+*W* - ■ ■,(«» 


The coefficients a and k can be ascertained from the 
graph or by computation of leaBt squares. Such 
power equations have been widely found to express 
suitably the regressions between organ sizes, and to 
a more limited extent to relate rates of oxygen con¬ 
sumption with body sizes (3). , 

The empirical relation of Fig. 1 turned out to be 

/ == .01027’ 88 .(Ill) 

The exponent me&nB that water turnover (ml/hr) is 
not proportional to body weight (g); if it were, the 
exponent would be 1. The larger mammals have, 
relative to weight, less turnover than the smaller, and 
many suggestions have been put forward to the effect 
that rates of diverse processes might be proportional 
to body surface areas, perhaps to B* 7 f or to other 
power functions of B . The general form of this 
equation is referred to as heterogonic; it expresses 
degrees of disproportionality; it is an equation of 
similitude. In a group of such equations might be 
implicit most of the factors by which an elephant 
differs from a mouse. 

From the same source (I, p. 271) data are available 
relating urinary outputs (U) to body weights (B) 
in mammals. In this case, 

U = 0.0064 B ia .(IV) 

Evidently urine production is Blightly more dispro- 
portional to body weight than iB water intake. The 
relation implies that small animals (as compared with 
large animals) lose a slightly smaller-fraction of their 
water turnover by paths other than urinary excretion; 
the chief other path of loss is evaporation. 

The interrelation can be more clearly expressed by 
the appreciation of the fact that since I and U are 
each related to B, they are related to each other. Or, 
more generally, 

..(V) 

and 

Z = <h£*.. ..... (VI) 

or - 

l^ ^r-ky^loyZ-tosa, /(yn) 

then 

log Y a toff a. + h (log log a,) . ( VIII) 
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and 



In the specific instance of I and U, 

Qfl 

log / * log .010 + ^ (log 17 - log .0064) . (X) 

= - 2.000 +■1.079 (log U + 2.104) . (XI) 

or 

1 = 2.25 ET 10 ’*.(XII) 

The inverse of relation IX has the form 

z =«. (1)"' • • • • <«") 

from which 

I7 = .4flZ Bfl .(XIV) 

and the inverse of relation V has the form 

x -(D x .< iv) 

These expressions of quantitative interrelations may 
he applied to all functions in which log Y is propor¬ 
tional to log Z. Other expressions can be utilized to 



equation! the fruitfulness of this particular form of 
relation may be illustrated from them. 

Renal clearance 9, which are measurements of ex¬ 
cretory functions, have been ascertained for single 
organic substances in several species; their magni¬ 
tudes are related with the body weights of those 

TABLH 1 

Equations Relating Quantitative Properties with 
Boar Weights Among Mawmau* 


Intnke of water (ml/hr) 

Urine output (ml/hr) 

Urea clearance (ml/hr) 
fnulln clearance (ml/hr) 
Crentlnine clearance (ml/hr) 
Dlodraat clearance (ml/hr) 
Hlppurate clearance (ml/hr) 
O a con Bum. bnaal (ml BTP/hr) 
Heartbeat duration (hr) 

Breath duration (hr) 
Ventilation rate (ml/hr) 

Tidal volume (ml) 

Out beat duration (hr) 

N Total output (g/hr) 

N Endogenous output (g/hr) 

Creatinine N output (g/hr) 

Sulphur output (g/hr) 

O a consum. liver slices 
(ml BTP/hr) 

Hemoglobin wt (g) 

Myoglobin wt (g) 

Cytochrome wt (g) 

Nepfara number 
DJnmeter renal corp. (cm) 
Kidneys wt (g) 

Brain wt (g) 

Heart wt (g) 

Lungs wt (g) 

Liver wt (g) 

Thyroids wt (g) 

Adrenals wt (g) 

Pituitary wt (g) 

B tom. + In tea, wt (g) 

Blood wt (g) 


l -.010 H« (Fig. 1) 

V -.0064 B m (I, p. 371) 
O ur -1.B0 0 ™ (Fig. 2) 

C in -1.74 B n 

0 er -4.2 B M 
O di =2.14 D m 
0„.-5,4 0- 
O -B.8 0™* <9, p. 870) 

h - ooo oito B* 

(ff, p. B0) 

Q “.000 047 0 “ (IS) 

V -120 0 Tl (i9) 

T -.0002 B lm (J9) 

(7 -.000 008 0 u 

( 5, p. 01) 

N t = 000 074 B ™ 

(9, p. 877) 
-.000 042 fi n 

<3, P- 877) 

N or -.000 001 00 B “ 

(9, p. B7B) 

8 -.000 001 71 fl « 

( 9, p. 878) 

0 L -B.B fl 17 (Bfi) 
ffj, -,013 B » (JO) 
u w -.000 030 flm (10) 
p 0 -.000 10 (10) 

IV -2000 0 « (Fig. 8) 

D -.0081 0 « (19) 

K -.0212 0« (9, p. 02b) 

B =.081 0™ (9,p. 802) 

J -.0060 0 " (9, p. 1590) 

F -.0124 D ” (9, p. 827) 

L -.082 R* (9, p. 020) 

Jf -.000 22 0 “* 

(9,p.621) 
A -.0011 0 - (9, p. OSS) 
P -.000 IB 0™ 

(9, p. 806) 
W -.112 B'M (9, p. 828) 

B -.006 0 " (S, p. 068) 


* Source of equations or data from which equations havf 
been derived are Indicated. All valnes are In ml, g, cm, and 

hr. 


Fto. 2. Renal clearances ((7) In relation to body weight 
<B), Straight lines are fitted on log-log unite by least 
•quarts from points established for maximal clearances. Rat 
—Llppman, Dicker, Dicker and Heller (19, 7, fl). Rabbit 
—Kaplan and Smith, Forester and Maes, W. W. Smith (II, 
11, II). Dot—Domingoes, Houck, Moustgaard (S, 19, IS). 
Man—Hajmna et ol, Gold ring el al, Chasls et si. ( 14 , IB, 
4). 

express interrelations when additional forms of dig- 
proportionality may be found. 

Sines a great many data of anatomy, biochemistry, 
and physiology oan be shows to fit the heterogenic 


species (Fig. 2). A clearance is a ratio between a 
rate of disposal of a substance (g/hr) and its con¬ 
centration in body fluid (g/ml). The data here rep¬ 
resented have been selected by the sole criterion of 
taking, within each species, the arithmetical mean of 
that series of measurements giving maximal values 
for clearance of each substance. . Evidently the sev¬ 
eral substances are not cleared in proportion to the 
body weight; the equations all have exponents less 
than 1. There is no support for tbs guess that all the 
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exponent# are alike, or, as many physiologists assume, 
all are .67. Within one species it may veil be 
that measurement of one clearance foretells all the 
others; but different proportions evidently prevail 
within different species. The relations from which 
auoh predictions may be formulated are listed in the 

TABLE 2 

Equations I ntbhrelating Bona Quantitative Properties 
OTHER THAN fiODT WEIGHT, DERIVED PRO If TARIM 1* 


V - .46 /“- ,0108 0^“ - .000,000 IB 
O vr ~. 83 C PAM *- 17,700 N r --42 K m 
O - 1300,000,000,000 if*■"« 11,BOO P " 

V - 37 0,000,000,000,000 JJ» « - 4000 T•» 

N r - .0008 L/«-8.4 Jtf or - - .000,0102 C^ 1 - 
0 L -80 L' m - .81 - 1200 Jf„■■ 

■ All values are In ml, g, cm, and hr. 

equations of Table 1; one of them ia given as an ex¬ 
ample in line 2 of Table 2. 

A very lurge number of relations between physio¬ 
logical rates taken two at a time becomes available. 
A. limited set of data relating each function to body 
weight (Table 1) allows its relations with other 
quantities to be expressed in the manner of Table 2 
without need for new measurements. Indeed, the re¬ 
lationships once ascertained on several species of 
diverse sices will establish a relation that may then 
be used to describe the relationships established by the 
study of entirely different species. Thus, the data 



scabs the arithmetical means of counts of glomeruli made 
hr Aratahl (*) for rot. Nelson (08) Cor rabbit, Tfantrup (VS) 
for eat and dug, Morlts and Harman (vs) for man. The 
dotted lino (K - 2600 JV<*) fits the trUnglsa, which represent 
arithmetical means of counts made by Kunfeel (18). 

of Fig. 1 might have bean obtained soWy from mouse, 
oat, bom, and elephant; those of Fig. 2 being derived 
from four other specks. Nevertheless the relation 
between l and G wr would evidently be derived with 
almost the same degree of determination as by the use 


of identical species for both measurements. 

From the reservoir of data upon numerical relation¬ 
ships of structural peculiarities to body sixes, spe¬ 
cifically interesting relations with physiological rates 
may be derived, For instance, the number of nephra 
in the kidneys of various mammals have been counted; 
the numbers relate to body sixes (Fig. 3) with heter- 
ogony of low power (.62). Then urinary flow, having 
a higher power in relation to body weight (.82) has 
an exponent 1.32 in relation to nephra number. This 
means that when the number of excretory units is 
10-fold as great, the rate of nrinary excretion is 
21-fold as great. In the bovine each nephron puts 
out 32 times as much urine as in the rat. The diam¬ 
eters of renal capsules increase only slightly with body 
weight (exponent .08). However, the volumes of 
renal corpuscles increase with body weight as the 
exponent .24. Hence the physiological activity of 
each nephron turns out to have a markedly different 
magnitude among species; but each unit of volume of 
renal corpuscles is about proportional to urinary flow, 
since 

ND* = a B M .(XVI) 

and each unit of surface, 

1VD* = aB " .... (XVII) 

Similarly, the renal clearance of none of the five 
substances (for which data are presented in Fig. 2) is 
proportional to nephra number. A nephron in a 
bovine, approximately identical in structure with that 
of a mouse, clears more of each excretory substance. 
Realization of this fact might lead to extensive search 
for differences among nephra. 

A few data upon rates of excretion of solutes have 
been analyzed in relation to body weights by Brody 
(Table 1: N Tt N M , N^, S ). One fact here discovered 
is that creatinine excretion is not proportional to 
creatinine clearance among speoies. 

Correlations among physiological processes need 
not be restricted to processes that utilize in large part 
any one organ (kidneys) or any one activity (excre¬ 
tion). It is equally useful to find the interrelations 
among processes that have scarcely been thought of 
as being interrelated. To the above excretory proc¬ 
esses may, therefore, be related basal oxygen con¬ 
sumption (4), duration of heartbeat (5), duration 
of one intestinal contraction (J), duration of one 
breath {If), respiratory ventilation rate, and tidal 
volume. All three of the above durations have the 
property of being correlated with body weight (Table 
1) fay low exponents. Their reciprocals (frequencies) 
are negative correlatives of body weight 

Data are available for Intereovrelntiitai with the 
Shove quantitative properties^ hi tire nates of oxygen 
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consumption of tissue slices ( 0 L ) obtained from 
homologous organs of several species (Table 1). In¬ 
terest has centered in the fact that these consumptions 
per unit of tamrue weight vary m negative powers of 
body weight (£0), for that fact indicates that the 
properties by which large animals consume less oxy¬ 
gen per gram of weight are impressed in their tissues 
even after isolation. Here these relations are ex¬ 
pressed in the form • 

0 L = a B k .... (XVIII) 

instead of 

O l /B = <xB *-> .... (XIX) 

Many physiologists are aware that oxygen con¬ 
sumption is proportional (i.e., with exponent 1) to 
ventilation rate. (Guyton’s data [13] yield the con¬ 
stant O = .028 V) ; and some recognize that oxygen 
consumption is proportional to nitrogen output 
(Brody’s data [5] show that 0 = 52,000 N T ). Fur¬ 
ther, ventilation rate is proportional to nitrogen out¬ 
put (F = 1850 N t ). These three quantities share the 
exponent 1 in their relations to one another. In a 
species where one or two of the three are difficult to 
measure, they may be computed from the third (or 
from any of the 33 correlatives represented in 
Table 1). 

A number of biochemical correlations may bo esti¬ 
mated from extant data. Concentrations of cyto- 
riirome C diminish with increased body size (10) and 
suggest thereby a basis for lesser oxygen consump¬ 
tions per unit tissue mass. To date, most biochemical 
studies have been limited to one species at a time, and 
little consideration has been given to the known diver¬ 
sities of composition among species and the implica¬ 
tions of those diversities. The interspecific relations 
here derived may now be regarded in turn as definite 
functions of all the physiological characters mentioned. 

Anatomical characteristics may be added to the total 
picture. Those that possess known disproportionali- 
ties to body weight (Table 1) may have their dispro- 
portionnlities toward one another computed. The in¬ 
terrelations to function may be illustrated in the 
weights of kidneys, which are definitely not propor¬ 
tional to many of tl»e clearances and rites of excre¬ 
tion presented above. Altogether, from the 83 equa¬ 
tions of Table 1 may be derived 33 x 32 or 1056 equa¬ 
tions expressing relations between two properties at 
a time. Those given in Table 2 are only a few 
samples. Each of the 1056 has an inverse equa¬ 
tion XV. 

Alternative sets of data that may confirm any of 
the above equations are few. For basal oxygen con¬ 
sumptions, the equation 0 = 3.8 B rTB u computed for 
rodents of 11 species from data of IComson {21)* 
Weights of seven visceral organs have been analysed 


from 20 species of ungulates of diverse sizes by 
Quixing (24), which could replace the corresponding 
equations of Table 1. Among these seven organs 
only brain and heart had significantly different 
(smaller) coefficients, than among the corresponding 
organs analyzed by Brody (3). With sufficient meas¬ 
urements it might be, as Morrison’s data (21) sug¬ 
gest, that diverse orders of mammals will have diverse 
coefficients of regression in bieorrelations of their 
properties. It might also turn out that taxonomic 
orders based upon physiological properties will not 
segregate species in the same groupings as they arc 
assigned by taxonomists. 

There is no reason other than nonavailability for 
limiting the data mentioned to the physiological prop 
erties of mammals. Beginnings have been made in 
gathering data concerning the oxygen consumptions 
of diverse Crustacea (£.9) end mollusks (27) and for 
water exchanges of aquatic animals generally ( 1, p. 
272), as related to body sizes. It must be recognized 
that no limitation is imposed, by anything but the 
time and effort of investigation, upon the range of or¬ 
ganisms and upon the array of properties that may 
be considered in interrelations. 

A similar analysis may be applied to the changes 
(growth) in functions during the successive ages of 
organisms of any one species, or within any one in¬ 
dividual. 

The fact that all of the properties listed in Table 1 
are equally related one to another can be made ex¬ 
plicit by means of an alignment chart (Fig. 4). Each 
vertical scale was constructed by substituting integer 
values of log Y in each of the equations of Table 1. 
A horizontal line connects all values that belong to¬ 
gether. There is nothing unique about body weight 
or any other single correlative, except that body 
weight happens to have been measured in gathering 
all the original measurements. From this chart, the 
characteristics of a mammalian organism, such as a 
cat, can be ascertained with fair precision through 
a knowledge of any one quantitative characteristic of 
it. The chart also permits comparisons to be made 
between any two or more species, as between oat and 
mouse. One would note, for instance, the great tatio 
of tidal volumes (T) of the two species, but the email 
ratio of breath durations (Q). Insofar as mean data 
can be utilized to describe a species, this chart is valid. 
For species not yet investigated, predictions are fui^ 
niahed by it. It allows of a probable reconstruction 
of the characteristics of species now extinct 

Some physiologists will hesitate to extrapolate from 
the data upon which the equations of Table 1 and the 
scales of Tig. 4 are based. A few will also hesitate 
to interpolate in certain zones. 
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Pig. 4 condenses an enormous amount of informa- with both X and 7. The remaining 10 percent allows 
tion and inference about mammals, since it represents plenty of latitude for those species peculiarities that 
not only 34 biological characteristics in potentially are<not related heterogonically. 




Fig, 4. AUfrnroent chart exhibiting the relations among 84 properties of mammals. The characteristic*) of oiih mil 
uml are nod oft along a horizontal thread or ruler that Is placed at a known value In any one of the variablee- Beveral 
species cfaoaen at random are Indicated on the left at their appropriate scale positions. Ordinates are numbered as expon¬ 
ents -of 10; hut the subdivisions between ordinates read arithmetically. Thus, the number 1 means 10 l and tbe subdivisions 
above It mean 20 r 30, 40, etc. All values are In ml, g, cm, and *r, ns shown In Table 1. Tbe lines and scales represent, 
and are derived from, the etnsUons of Table 1. 


hundreds of species, but also the interrelations among 
all of them. The appreciation of the myriads of di¬ 
verse interrelations ganuot be made explicit here. 

Coefficients of correlation between diverse proper¬ 
ties are best computed not from intraspedes means 
but from single measurements. The correlation co¬ 
efficients (r) found among some of the functions 
here named are high; many for instance are 0.95 (see 
Brody, 3). The corresponding coefficients of deter- 
Donation (r*) are therefore 0.90; qt in ordinary par¬ 
lance, process X gods with T to the extent of W per¬ 
mit The high “determination" is not exclusive, and 
many other proceeees are equally highly correlated 


Many physiological properties .go hand in hand 
with one another; their “determination” is reciprocal 
and not unique. It seems likely that an organism is 
an integrated system by virtue of the fact that none 
of its properties is entirely uncorrelated, but that 
most are- demonstrably interlinked; and not just by 
single chains, but by a great number of orisserOBsed 
linkages. 

General comment. The heterogenic or power equa¬ 
tion is only one of many conceivable equations which 
might be empirically found to express the regressions 
between rates of physiological processes. Among or¬ 
gan sines and biochemical constituents, however, it is 
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the only ope that has been found to apply to a large 
number of rdatuma. The only intewpecies data that 
have been shown not to lit precisely this equation are 
a few of the extensive data upon brain weights (d). 
Since so many properties have been found to be ad¬ 
equately interrelated by equations of one form, it 
seems very unlikely that other properties would be 
related according to a radically different type of equa¬ 
tion. For if they were, they would be incompatible 
with the properties reviewed above. If, however, 
equations of greater complexity should become nec¬ 
essary to fit new data, the more cumbersome algebra 
required might impede the study of quantitative inter¬ 
relations. Whether the heterogonic or some other 
form of relation between properties prevails does not 
alter the concept that interrelations may be usefully 
expressed by equations. The basic assumption in the 
procedure illustrated is that, among properties com¬ 
mon to organisms under comparison, quantities re¬ 
lated to a common quantity are related to one another. 

Among the heterogonic relationships that prevail 
among processes, a variety of exponents is found. 
By tradition, physiologists appear to be conditioned 
to regard those exponents with certain numerical val¬ 
ues more highly than other values. Some persons 
feel familiar only with exponents of value 1. Others 
assume that processes in general will reveal exponents 
in relations to body weights of .67. Empirical con¬ 
siderations have led still others (17) to note the 
prevalence of values about .75. Relations having ex¬ 
ponents below 1 will ordinarily be counterbalanced 
by other relations having exponents above 1. Perhaps 
most exponents interrelating processes will group 
themselves in a frequency distribution about the value 
1 . 

Some properties are kqown to be independent of 
body sizes (e.g., basal alveolar pressures of carbon 
dioxide). They are nonetheless connected with prop¬ 
erties (such as basal ventilation rates) that are de¬ 
pendent upon body sizes among species. 

For every heterogonic exponent below 0, its recip¬ 
rocal is obviously above 0, and of the same numerical 
value; that is 


1 X" 
T a a 


(XX) 


For every negative exponent, then, some related quan¬ 
tity has a positive exponent- Thus, the reciprocal of 
heartbeat frequency is beat duration. Only by think¬ 
ing of those two measurements as separable can any¬ 
one suppose that the exponent for the frequency is 
more “important” than the exponent for its reciprocal, 
the duration. 

Use of the heterogonic equations in as general a 
.manner as they are here applied is jus tillable from 


the aspect of their dimensions because the coefficient 
a takes its dimensions from those of 7 and X Binee 
the equations were derived empirically the relations 
found are valid and useful no matter what dimensions 
they contain. 

This consideration suggests a further point, namely, 
that the equation Y = aX* may be regarded as the 
algebraic relation between two simultaneous exponen¬ 


tials such as 


F = her? 1 and X = ce~ 7t .... (XXI) 


In these equations the time t is concurrent in both, 
e is the base of natural logarithms, and b, c, and y 
are constants. Then 


k = P/y and a = b/c^ n . . . (XXII) 
Each equation XXI represents a separable process in 
time. 

Relatione expressed by heterogonic equations have 
often been pictured in terms of special physical in¬ 
ferences from exponents. Substances, dimensions, 
flows, forces, may perhaps be partitioned in a regu¬ 
lar manner, Exponents in the equations express the 
partitions found, and free the observer from the re¬ 
striction of confining his descriptions to those parti¬ 
tions that are proportional. Sometimes limiting foe- 
tors have been conceived for these flows and forces, 
and specifically in terms of enzyme concentrations or 
other special controls. For those persons more de¬ 
scriptively minded, it suffices to recognize the orderly 
relations among quantitative characteristics. There 
are numerous cases where nothing is known of limit¬ 
ing or other governing factors. Organisms can at 
least be described as systems of multiple interrela¬ 
tions, of orderly disproportionalities. Could it be 
that heterogony expresses a major aspect of the 
ground plan of functional and of structural consti¬ 
tutions f 

In summary, interrelations are derived, iy use of 
the heterogonic equation Y = a X fe , from specific data 
representing the rates of particular physiological 
processes. The exponent k expresses the relative rates 
of X and Y as found by measurements, and for pur¬ 
poses of illustration data available for mammals of 
diverse species have been analyzed. The interrela¬ 
tions found imply quantitative orderliness among 
characteristics so diverse as urinary flow, renal clear¬ 
ance, duration of heartbeat, and oxygen consumption. 
Organisms may be pictured as systems of precise 
multiple interrelations. These interrelations apply 
not only to rates of physiological processes, but also 
to sizes of organs, numbers of reduplicated structures, 
and biochemical compositions. Borne 34 correlatives 
in mammals are presented nomographic*]}? so that 
from a measurement of any one property the 39 
others can be rehd. 
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Detail and Survey Radioautographs 1 

Wm. Ward Wainwright 3,3 

Radiobiology Section, Los Alamos Scientific Laboratory of the University of California, 


Los Alamos, New Mexico 

UA6I-MICR0SC0PIC TECHNIQUES in 
radioautography have Left much to be de¬ 
sired in the study of the cellular distribu¬ 
tion of radioactive elements and labeled 
compounds (13). The introduction of nuclear track 
emulsions in radioautographic techniques (5) has 
brought with it the possibility of studying localiza¬ 
tion of radioactive substances at oil immersion mag¬ 
nification. Alpha tracks have been studied at high 
magnification (1, 8) in conjunction with soft tissue 
sections mounted on the emulsion (8, 3). The locali¬ 
sation of beta emitters has been studied at high mag¬ 
nification in tissue sections and blood smears (5, 6). 
The principles of radioautographic technique have 
been reviewed recently (1, 4, 10, 11) and techniques 
for special purposes have been described (J, 5 , 13 , 
14 , 17 ). 

The much used purvey or contact type of radio¬ 
graph (2, 12) illustrated in Fig. 1 is indispensable 
for a study of the gross distribution of radioactive 
materials. Thia figure shows the distribution of plu¬ 
tonium in the tibia of a young rat. The section was 

1 This document (a based on work performed under Con¬ 
tract No. 74Q5-eoir-8e for ttio Atomic Energy ConunlMlon. 

* Grateful acknowledgment la made to lfr«. Jolla Welicits 
and ftfri. Nonna Lanier for technical assistance, 

• On leave from Washington University School of Dentistry. 


out unsoftened (15) at 10 p. The survey examina¬ 
tion, however, gives only the gross picture and does 
not reveal directly the detailed localization of tins 
heavy metal. 

A detail radioautograph is equally indispensable. 
Its application to bone is seen in Fig. 2, which was 
prepared by mounting a second thin section of the 
tibia on nuclear track emulsion. The detail radio¬ 
autograph makes it possible to determine the locali¬ 
sation of plutonium with respect to oella. 

The interpretation of a detail radioautograph de¬ 
pends upon the determination of the point of origin 
of the emission. Although this is far more easily 
accompli ah ed for alpha partide emitters, as in Fig. 2, 
much information may be obtained by examining at 
high magnification a beta partide sensitive nndeax 
track emulsion ( 5, 7). A description of the types of 
nuclear tracks is given by Powell and Oechialini (18). 

Nuclear particles leave their points of origin in the 
tissue and travel in random directions. About half 
of the particles enter the emulsion and strike silver 
grains. The series of grains in a single paQi, when 
developed) Reveal a nuclear track (A, Fig. 2). The 
mean free path is determined by the type and energy 
of the emission, Thus, the track can be retraced 
towards the loons in the tissue from which it origi- 
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Section of tibia of 9-day-oId Wletar rnt, 10 g, Injected Intrnperitoneally at 7 days of age (approx. JO g) with fi.B pg plutu- 
alum ab citrate. Ten-n sectionN of unnoftened bone (Hat 13 ; epee. 183 ; embedded In nitrocellulose, R.B. % sec). Fig. 1 allow* 
a survey rudloautograph, by contact with Bnatmnn ultra-apeed dental X-ray film, exposed 81 days. A —Indicates area of Hie 
detail radio autograph. (PI. 001404.) Fig. 2 shows a detail r.id Loan to graph, tlcmue section mounted on Baatman NTA plate, 
exposed 7 days. A —Alpha track (tissue end In focus) ; B —zone of vesicular cartilage cells (tissue plane out of focus) ; 
O —sons of eroded cartilage cells ; D —primary sponglosa. (Plate 003 ; stained with hematoxylin eosln ; Haunch and Lorab 
Ampllplan 0, Zeiss oil Immersion apochromatlc 00 ; extension of camera 00 cm.) Fig. 8 shows localization of plutonium, in 
tbs detail rndloautograph of Fig. 2, marked by placing map tucks at the tissue end of each nuclear track. Note the orderly 
distribution of plutonium as against the apparent \iaphnzard arrangement of tracks seen In Fig. 2. (PI. 001490.) 


uated by focusing up and down with the fine adjust¬ 
ment of the microscope at high magnification. For 
purposes of orientation the points of origin may be 
marked on an enlarged photomicrograph with map 
tacks. As marker after marker is placed at the be¬ 
ginning Of the tracks the pattern of localization of 
the radioactive substance can be visualized. The 
orderly localization of plutonium in the region of the 
zone of eroded cartilage cells of the tibial epiphysis 
is shown in Fig. 3. 

Outlines of survey and detail radioautogTaphie 
techniques are given in Table 1. The necessity for 
the use of pressure to insure intimate contact be¬ 
tween tissue and emulsion for survey radioautographs 
has been demonstrated by Sherwood’s studies (20) 
of microradiographic technique. Nitrocellulose sec¬ 
tions are mounted on nuclear track plates by carrying 
a flat section wet with approximately 75 percent alco¬ 
hol on a section lifter to the emulsion. The water and 
alcohol render the gelatin surface sticky enough to 
bold the section securely throughout processing. The 
section is quickly covered with filter paper (What* 
man’s No. 1) and the excess alcohol is taken up by 
moving a tissue roller back and forth over the plate. 
The nitrocellulose is immediately removed by repeated 
flooding with ether-alcohol. 

Selection of the emulsion is greatly simplified by 
an understanding of the functions of the survey and 


detail radioautographs. For survey radioautograpb* 
large gTain size is not objectionable. Even the shorts 
eat tracks, such as those from an alpha particle, may 

TABLE 1 


Outline op Radiualtoohaphic Technique 


Survey 

rudloautograpb 

Detail 

radioautograph 

Contact 


Mount tissue on micro¬ 
scope slide (stain fitter 
radloautographlc ex¬ 
posure). 

Place Sim against 
tissue* 

wrap appropriately to 
Mount: prevent scatter to dpxI 

film. 

riomp between glass 
elides with two 7-Ib 
paper damps, 

Expose in box, pointed 
black Inside and out 
<*>. 

.1 htunt tl**ut u*t 
emulnion. 

Emulsion: Fast X-ray JUm. 

Alphagraph : Alpha nr 
beta sensitive nuclear 
track emulsion. 
Betagraph : Beta sensi¬ 
tive nuclear track 
emulsion. 

Estimate exposure time 
Exposure: from experience with 
comparable material. 

Approximately ^ ex¬ 
posure time of survey 
radioautograph. 
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radiate a distance of 20 R. Thus, the total width of 
the rudioautographio image of a point source of alpha 
particles may be as great os 40 p (4). For beta 
emitters the images will be much wider ( 4 f 16), 
Therefore, since the fastest emulsions have a gTaig size 
sufficiently small to show all the detail possible by the 
contact radioautographio technique, the selection of 
on emulsion is determined by the emulsion speed de¬ 
sired. Fast X-ray films offer the advantage of the 
shortest possible exposure time for Burvey radioautd- 
graphs. Processing of the emulsions must be carried 


out according to the manufacturers 1 recommendations. 

In summary, radioautographio examination of thin 
tissue sections is accomplished by two complementary 
procedures. Survey radioautographa may be obtained 
by the well-known method of pressing the tissue, 
mounted on a gloss microscope slide, in contact with 
a fast X-ray emulsion. Detail radioautographs for 
examination at high magnification under high dry 
and oil immersion objectives may be obtained by 
recently announced methods in which the section is 
mounted directly on a nuolear track emulsion. 
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TECHNICAL PAPERS 


A New Gcoup of Plant Growth Regulators 

Otto L. Haffmann u4 Allan E. Smith 

Naugetuck Chemical DM Horn, V . S. Rubber Company, 
Naugatuck, Connecticut 

A new group of plant growth regulating chemicals, the 
N-aryl phthalamic acids, has been discovered. These 
compounds, which are readily prepared from phthalic 
anhydride and aromatic aminesj can be represented by 
the general formula I. The esters, amides, and soluble 
■alts of these acids, as well as the N-aryl phthalimldes 
(II) have been found to possess similar activity. 


I II 

O 



Where B is a hydrocarbon radical or 
a hydrogen atom, and Ar is an aro¬ 
matic group. 

The nature and degree of the growth response shown 
by plants treated with these chemicals depend on the 
type and age of the plant, and on the concentration and 
identity of the phthalamic acid derivative used. Data 
from a field test ip which Bonny Best tomato plants 
having from one to three unset blossom clusters were 
treated with compounds of this group show the effects 

TABLE 1 


Approximate minimum 
concentration In 
ppm to cause: 


N-aryl pbthalamic 
acid 

Aryl group 

Chemical 
fruit set 

Formative 

effect 

Pro¬ 
nounced 
Inhibition 
of fruit 
set 

2-Chloropbenyl . 

CO 

20 

632 

9,6-Dlchlorupltenyl . .. 

08 

200 

682 

9,4,8-Trtelilorophenyl ■ 

68 

«sa 

682 

B-Chloropfaenyl . 

08 

682 

682 

4-Cfalorophenyl . 

68 

682 

200 

4-Bromophenyl . 

200 

682 

682 

o-Tolyl . 

200 

082 

2000 

4-Kltrophenyl . 

200 

2000 

2000 

S-Nltrophenyl . 

682 

2000 

• 

2-Hydroxyphenyl - 

082 

882 

• 

w-Tolyl . 

682 

682 

■ 

►Trtfl . 

2000 

200 

# 

frhsnyl .. 

2000 

* 

• 

•"The effect was not 

produced at 

2000 ppm, 

the highest 


MDttntvftfton tested. 


obtained (see Table 1). Each plant was sprayed with 
100 cfc of a solution containing one drop of a commercial 
wetting agent (Emulphor EL) per 100 mg of chemical 
used. 

It will be seen that the active concentrations of dif¬ 
ferent compounds vary greatly. A general pattern of 
response, however, is evident. At low concentrations 
fruit set is stimulated, and seedless tomatoes are often 
produced. A morphological response involving a broad* 
ening of the leaves is usually evident. This formative 
effect does not appear to injure the plant seriously; In 
fact, In some cases the test plants actually seemed to be 
more vigorous than the unaprHjed check plants. 

As the concentration of chemical Is increased, the 
formative effect becomes more pronounced. Fruit set 
Is inhibited, although the fruits which Ore formed may 
be seedless. Fruit set may be greatly diminished at con¬ 
centrations which do not decrease vegetative growth. 

At still higher concentrations (about 2000 ppm) tomato 
plants ate definitely injured, although seldom killed, by 
the more toxic compounds. Even at 2000 ppm, however, 
many of the fruit-setting chemicals Cause no apparent 
injury. In all of these experiments the whole plant was 
sprayed; no effort was made to confine the spray to 
blossom clusters. 

The effects of N-l-naphthyl phthalamic acid differ 
from those of other members of the series. At 0.1 ppm 
it causes a leaf roll, at 0.31 ppm epinasty, and at 20 
ppm stem swelling (greenhouse data). In the field test 
it completely inhibited fruit set at 20 to 2000 ppm. The 
vine weight was almost normal at 20 ppm (the lowest 
concentration tested) but epinastlc and morphological 
effects were severe. 

N-aryl phthalimldes behave much like the correspond¬ 
ing phthalamic acids. Compounds derived from second¬ 
ary amines (formula I, where B is a hydrocarbon radical) 
are less active than the corresponding compounds in which 
B is a hydrogen atom. 

\f 

Maleic Hydrazide, a Unique Growth Regulam 

D. L. Sehoene and Otto L, Hoffmann 

Naugatuck Chemical DMtiam, U. S. Rubber Company, 
Naugatuck, Connecticut 

Maleic hydrazide hap been found to have a pronounced, 
but temporary, inhibiting effect on plant growth. The 
length of inhibition period appears to be directly pro¬ 
portional to the concentration used. To our knowledge 
this effect la unique In that growth inhibition is obtained 
with little visible harm to the plants. 

Maleic hydrazide, or move properly, l^-dihydropyTirtn' 
Eine-3,fi-dione, has the following structure (1): 
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gust that this antibiotic may be effective in extra-intes¬ 
tinal amebic infections such as hepatic abscess as well 
as in amebic colitis and amebic dysentery. 

Eleven cases have since been successfully treated, with 
no recurrence of symptoms. 
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Studies on Arthropod Cuticle. III. 

The Chitin of Limulus 1 ' fl 

A. Glenn Ricbardi 

Division of Entomology and Economic Zoology, 

University of Minnesota 

Through the years .there has been sporadic discussion 
os to whether or not the chemical chitin is a single com¬ 
pound, identical in all animals and fungi. The consensus 
of opinion, based on the chitosun color test, nitrogen 
values, and X-ray diffraction diagrams, is that it is a 
single compound in the sense that it is always a polymer 
of identical acetyl glucosamine units ( 1 , 3). However, 
some exceptional cases have been recorded that require 
further investigation. The outstanding exception within 
the phylum Artliropoda is the cuticle of the horseshoe 
crab, Limulua polyphemus. Frankel and Jellinek (4) 
isolated and identified glucosamine crystals from Limulua 
that were identical with similar preparations from ordi¬ 
nary crab shells, but their cbitin preparation had a low 
nitrogen vnJuo (5.51% in contrast to 6.89% theoretical 
for acetylated glucosamine). On the basis of analysoB 
giving a carbon-nitrogen value of 10 to 1 (In contrast to 
8 to 1 for ordinary crabs)'they postulated that the chitin 
of Limulua is made up of units similar to those in chitin 
from other arthropods, but that there is an additional 
ethyl or two methyl groups substituted somewhere in the 
units which, like the acetyl group, are hydrolysed off dur¬ 
ing the preparation of glucosamine. To make this sug¬ 
gestion one lias to assume that the alkali purification is 
reasonably complete (since chitin, having no known sol¬ 
vent, cannot be purified by recryitaUizotidn). 

ReinvestigutioiL ief this I question has led us to , the 
conclusion that the purification procedure is at fault. 
Our first nitrogen analyses of alkali-purified chitin from 
Limulua wose comparable to those of Frenkel and Jeh 
linek; however, using'a more complete purification process 
involving prolonged treatment with an oxidizing agent 
(KMnO< followed by NnHSOi) after the treatment with 
hot alkali (9), we have obtained a pure white residue 
which gives a Kjeldalil nitrogen value of fl.06%. This, 

* Taper No. 2447, Scientific Journal Series, Minnesota 
Agricultural Experiment Station, St. Paul. 

■ The work described in this paper was done under con¬ 
tract between the Medical Division, Chemical Corps. U, B. 
Army and the University of Minnesota. Under the terms 
of this contract the Chemical Corps neither restricts nor Is 
eeaponsfble for the Opinions or conclusions of the author. 


although significantly higher than the value recorded by 
Frankel and Jellinek, is still considerably lower than the 
nitrogen values of chitin purified from the cuticles of 
other arthropods. It is suggestive of the removal of ad¬ 
ditional impurities, but in inconclusive, since chitin is not 
completely resistant to hot alkali. In an attempt to settle 
the point, we had X-ray diffraction pictures made of 
chitin purified from the cuticle of IAmulue and from a 
local speeies of crayfish (Cambarua sp.). 1 The X-ray 
pictures are identical^and agree with those previously 
published for chitin (F, 3). We are forced to conclude 
that the chitin unitR of Limulua are not substituted in 
the manner suggested by Frankel and Jellinek and that 
they are almost certainly Identical with those found in 
the cuticles of other arthropods. Probably differences 
do occur on the polymer ehemical level ( 5 , €), but on the 
constituent unit level the substance appears to be the 
same for all arthropods. 

This finding necessitates a reconsideration of the chem¬ 
ical components of cuticle. As we have pointed out pre¬ 
viously (6), there is no assurance that anyone has ever 
prepared pure chitin. Since, unlike cellulose, cliltin Is 
not known to occur in any approximation to the pure 
state (usually less, commonly much less, than half the 
dry weight of the cuticle) and since no solvent for it is 
known, all assumptions of purity have been based on in¬ 
conclusive data. For another component to be present 
in the extracts studied would require only that it agree 
with chitin in being insoluble in and not destroyed by 
treatment with water, weak aeid at room temperatures, 
hot or cold alkali at any concentration for short periods, 
strong oxidizing agents at room temperatures, and ordi¬ 
nary organic solvents, and that it be present in low 
enough percentage not to greatly disturb the nitrogen 
values. It must also be either amorphous or of nearly 
identical lattice spacings or else the amount present in 
Limulua chitin would be detectable in the X-ray diffrac¬ 
tion pictures. 

Accepting the Idea that chitin is made of the same 
units in all arthropods, the discrepancies between theo¬ 
retical and actual nitrogen values presumably represent 
unremoved components of the cuticle. If we assume that 
the unknown component contains no nitrogen 4 we can 
make preliminary estimates of the amount present based 
on the nitrogen do toe ruinations. Considering only some 
of the* recent Values, we have^fl.0% N r for lobster chitfar 
(£), 0.45% N as an average figure for insect chitin with 
6.26% N as the low value obtained from hardened pu- 
paria (J),on4 6.06%. N as the Mghent vabie obtained. 
us for Limulua chitin, Col aula ting on the,basis* of 6-9% 
N representing pure chitin, we obtain the following de¬ 
grees of purity for materials studied by these authors: 
lobster 9fi%, average insect 94-95%, hard puparia 01% 
and Limulua 87% (the material used by Frankel and 
Jellinek being only 80% pure). 

B X-ray patterns made by Dr. W. N. Lipscomb, of the 
Chemistry Department. 

* The unknown component cannot contain more nitrogen 
than chitin does, and ir It contains any nitrogen then the 
contaminant percentage will be even higher than those cal¬ 
culations. 
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We conclude that Fvttnkel and Jelllnek J i suggestion of 
a substituted chitin is incorrect and that Limulue almost 
certainly contains the same chitin units as other arthro¬ 
pods. Accepting this, it follows that all so-called pure 
chitin used for analytical work contains at least several 
percent of an unknown contaminant, that in hardened 
cuticles this may be over 5%, and that in Limulus it is 
considerably more than 10%. The identity of the con¬ 
taminant is at present only a matter of conjecture. It 
would be of considerable interest to know whether it is 
an as yet unrecognised compound” or a percentage of one 
of the known components that is so strongly bound to 
the chitin that it is not removed by the purification 
procedure. 
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Temperature Measurement inside the Body 
Using a Thermistor 1 

J. M. Benjamin, Jr., mud Suviq M. Horvath 

Department of Pby Heal Medici na, Graduate School of 
Medicine and Electro-Medical Section , Moore School 
of Electrical Eng ineerin g, Uuivenity of Penmylvania 

In recent years thermistors have been increasingly ap¬ 
plied to the measurement of temperature in animal and 
man ( 1, 3). A thermistor has three important advan¬ 
tages over a thermocouple for measurement of tempera¬ 
ture in the body. Due to its high temperature coefficient 
(-8%/°C) it is approximately ten times as sensitive 
as a thermocouple, assuming the same order of sensitiv¬ 
ity of detecting device. Because of its high impedance 
(several thousand ohms as compared to a few ohms) 
lead resistances and switch contact resistances ato rela¬ 
tively unimportant; so It is not necessary to take special 
pains in the wiring of associated circuits, finally, there 
Is no necessity for maintaining a constant reference tem¬ 
perature. 

For these reasons it was decided to incorporate a ther¬ 
mistor as the sensitive element in fine catheters for meas¬ 
uring temperatures inside the animal body. One type of 
catheter for measuring the temperature inside joint 
spaces and muscles (£) consisted of a radio-opaque plas¬ 
tic tube 0.063 cm OD, 0.036 cm ID, varying in length 
from 15 cm to 1.5 meters. Oatheters of larger diameter 
have also been made for intracardiac and Intravascular 

1 Aided bj a grant to the University of Pennsylvania from 
The National Foundation for Infantile Paralysis. 

■The possibility of another type of substituted glucose 
rhaln with a side group that would give the same lattice unit 
dimensions as nn acetyl at ed amine group Is conceivable. 


observations. The thermistor was placed flush with one 
end, the lead wires coming out the other end. 

The thermistor used for this application wae Western 
Electric Type V597 having the following oharacteristlos: 


Diameter 

0.4 mm 

Temperature coefficient at 98* ;0 

- 8.1 %/* O 

Dissipation constant (In still air) 

0.1 mm/" C 

Thermal time constant (in still air) 

1 see. 

Since it was supplied with two 0.025-mm bare plati¬ 
num leads 8 mm long, it was necessary both to splice 

these wires to a pair of copper leadB, 

and to insulate the 

platinum wires and spliced junctions from each other. 
No. 40 enamel covered copper wire was used for the lead. 

TABLE 1 


TsursaATDRB Mbabubbubntb in ths Dog" 

"F 

Superior vena cava . 

08.9 

Coronary sinus . 

99.0 

Right ventricle . 

90.0 

Pulmonary artery . 

08.B 

Inferior vena cava .... 

06.8 

Hepatic vein . 

080 

Renal vein . 

BB.4 

Azygos vein . 

06.0 

Femoral vein. 

90.8 

Femoral artery . 

08,0 

Thigh muscle (2 In.) . 

on n 

Thigh surface . 

92.8 

Rectal . 

00.1 


• Room temperature Tfl.0" F. 

A connection was effected by wrapping two turns of the 
platinum wire tightly about the copper lead. A conduct¬ 
ing silver paste was then applied to assure satisfactory 
electrical contact. In order to insulate the two platinum 
wires from each other, a very flne rayon thread was 
wrapped tightly along each wire beginning at a point on 
the copper wire a little below the junction. The whole 
assembly was then dipped Into a bakellte solution, care 
being taken not to immerse the thermistor bead itself. 
After the bakellte had been baked, the whole assembly 
was threaded through the plastic tubing. The end con¬ 
taining the thermistor was then sealed with a small 
amount of polystyrene, care again being taken not to 
coat the thermistor bead which protruded a few tenths 
of a millimeter beyond the end of the tube. 

The unit was connected into a conventional Wheat¬ 
stone bridge using a Bublcon galvanometer of sensitivity 
0.007 jia/mm os an indicating instrument. For recording 
purposes, the output of the bridge wae connected to s 
pen-writing oscillograph. The overall accuracy of the 
device was ±0.05” 0. 

Vascular and other temperatures obtained with the 
thermistor units are shown in Table 1, The dog was 
under heavy Nembutal anesthesia. The catheter was 
passed through the right external Jugular vein, and its 
position was recognised roentgenoseoploally. 
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Similar temperature data hare been obtained In various 
human joints. A 19-gauge hypodermic needle was In¬ 
serted Into the knee joint space. The catheter was 
threaded through the needle and the needle withdrawn, 
leaving the thermistor unit in place within the joint. 
The knee joint temperatures of two normal adult males 
were found to be 90,3° and 91.2" F respectively, while 
the surface or skin temperatures were 84° F. 


1. Drdmmrtrr. L. F., Js„ and Fastis, W. O. Boie nos, 

194T, 106, 78. 

2. Hobvath, 8. M., and Hollander, J. L. In press, 

8. Williams, R. J., and Thompson, R. C. Boienoe, 1048, 
108, 00. 


A Comparative Study of Oyster Condition 1 

Robert M. Ingle 2 

Morin# Laboratory, University of Miami 


The necessity of providing an objective evaluation of 
the condition of oysters in ecological investigations has 
Long been recognised by workers in this field. The con¬ 
dition index originally proposed by Hopkins (1), which 
depends upon blie measurement of the ratio of dry meat 
weight to internal shell volume has not been entirely 
satisfactory for this purpose. Many workers have found 
considerable variation in this index among oysters from 
the same region, even where the condition of meat by 
visual comparison appeared to be relatively constant. 

For this reason later workers have adopted the meas¬ 
urement of glycogen content as a supplementary method 
of evaluation (£-4)- Since this method appears to yield 
more consistent results, a study was carried out to deter¬ 
mine correlation between condition index and glycogen 
content. 

In all, 30 samples of oysters from various habitats of 
the Louisiana oyster bayous and four samples from the 
outside tanks of the U. S. Fisheries Station, Pensacola, 
Florida, were taken, and each sample was analysed by 
both methods. 

In arriving at condition index a 10-g aliquot of the 
ground oyster tissue from 10 oysters was dried at 80° C 
for 48 hr and weighed. After 16 min in the air it was 
again dried and weighed to constant weight +.005 g. 
The dried weight of the 10 oysters was then calculated 
and entered into tht formula: 


Total dry weight In g x 100 . . . .... 

M -£-—5-= Index of condition. 

Shell cavity volume 

Shell cavity volume was obtained by Water displacement. 
Five to 10 g of the same sample of ground oyster 


‘Facilities and support for this Investigation were sup¬ 
plied by the Department of Wildlife and Fisheries of the 
State of Louisiana, 

■ The author la indebted to Drs. F. G. Walton Smith and 
8. Malcolm Owen for advice sod to Louis A. Bretfan. Jr., 
for teahnicsl assistant*. 


meats was digested And the glycogen was hydrolysed by 
the Calderwood-Armstrong method (£). The Hagendorn- 
Jensen technique (8) for the quantitative determination 
of glucose followed. To insure against enzymatic action, 
not more than 3 min was permitted to elapse between 
grinding the meats in a Waring blender and the digestion 
of the aliquot in sodium hydroxide. 

Fig. 1 shows the correlation between the findings of 
the two methods. Closer correlation appears to exist 
among animals of the higher glycogen content and pre¬ 
sumably greater vigor. In fact, the correlation coeffi¬ 
cient of .09 for the entire group is reduced to .38 if tbs 
three samples highest in glycogen are omitted. 


14 

12 


2 10 

O 

2 8 



12 3 4 

PERCENT GLYCOGEN 

Fm. 1. 


It is concluded from these preliminary studies that the 
poor correlation between the two methods in oysters of 
low vigor is probably duo to dependence of the condi 
tion index upon water content, absolute size of meats, and 
other factors. Because of this, it is believed that glyco 
gen analysis is the moat suitable method for the com¬ 
parison of work carried out by independent investigators 
on low quality oysters. Further work is under way to 
determine if a significant correlation exists between the 
twp methods in high quality oysters. 
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Maximal Consumption of Ethyl Alcohol 

Htary V, Nvwmu 

Department #/■ M odlcima t Stamford U mi vanity 
School of Hedicins s Sc* Franciico 

Physicians who have had to deal with patients suffer¬ 
ing from chronic alcoholism cannot but have l>cen im¬ 
pressed with the wide variation in estimates given by 
them when ashed how much they drink daily. In gen¬ 
eral, they fall into one of two classes: those who state 
that they never take more than a couple of beers, and 
those who stoutly maintain that they consume up to 2 qt 
of whiBky every 24 hr. In order to have some basis for 
judging the credibility of these statements, it would be 
desirable to know; with a fair degree of accuracy the- 
maximum amount of alcohol that can be consumed daily 
over a period of several days. 

Simple as the direct experimental approach, to the prob¬ 
lem would seem to be, tile medical literature fails to re¬ 
cord such an experiment. In default of such direct ap¬ 
praisal, which should certainly some day be made, there 
Is available a sufficient amount of data bearing on the 
subject to allow us to estimate the maximal daily intake 
with a reasonable probability of accuracy. 

Widmark (7) estimated, on the basis of the rate of 
fall of blood alcohol concentration after a single dose, 
that a 70-kg man should be able to dispose of 170 g of 
alcohol in 24 hr, which would imply a rate of alcohol me¬ 
tabolism of 101 mg/kg/hr. If Widmark J s estimate is 
accurate, we must conclude that the greatest amount of 
100 proof whisky that a mau of average weight could 
metabolize in a day would be 14 oz, or less than a pint, 
which would certainly render inaccurate the estimates 
frequently given of a consumption several times this 
great. Nor can it be argued that the greater capacity 
claimed by addicts may be due to increased facility in 
alcohol metabolism engendered by habituation, for this 
has been found not to be the case (J), 

Before we prematurely discredit the patients’ state¬ 
ments, however, we must consider an important factor 
which probably operated to make Widmark's estimate 
too low. This is the finding, recently confirmed (1, 4), 
that the rate of alcohol metabolism is not constant Irre¬ 
spective- of dosage,, < 0 * Widmark believed,-but-.that it in¬ 
creases with inmtttfhg blood alcohol concentration', Thus 
Eggleton (4) found by referring back to MeUaaby’s 
original work {£) that in the dog, when tlie blood aico- 
hob eeacentratfon^was between 300 and 4D0 cc, 

the Tsrtft of alcohol metabolism was 200 mg/kg/hr; 
whereas when the concentration was between 200 and 
300 mg/100 cc, the rate was only 150 mg/kg/hr. Simi¬ 
larly No win an and Lehman (5) found that, considering 
the average for four dogs, an Increase in dosage of 100%, 
which would double the average blood alcohol concentra¬ 
tion, produced an increase in rate of alcohol metabolism 
of 36%. This bos since been confirmed by Newman, 
fee, and Cutting (0). Since most of Widmark's work 
was done with small doses of alcohol, the Increase in rate 
of metabolism with increasing dosage may well be re¬ 


sponsible for the low estimate of maximal daily consump¬ 
tion reported by this generally reliable worker. 

That maximal daily consumption is indeed higher than 
that put forward by Widmark is supported by the amonnl 
of alcohol that has been consumed day after day by dog> 
in this laboratory. Thus three dogs were allowed access 
at all times to a solution of 5% by volume of ethyl alco¬ 
hol in tap water as their Bole source of fluid, Under 
these circumstances they consumed alcohol at a rate of 
4.4G g/kg/day. When the percentage of alcohol was 
raised to 10% they reduced their fluid intake accordingly, 
so that their alcohol intake increased only to 6.52 g/kg/ 
day. This is equivalent to 230 mg/kg/hr, which is quite 
a close approximation to the 200 mg/kg/hr that was 
found by Mellanby with high alcohol dosage. If we 
transpose this tb man, the ipawnial d®ly dosage for m 
70-kg man can he calculated to be 386 g of alcohol, or 
approximately 32 oz. of 100 proof whisky. This is much 
nearer the.intake claimed by many alcoholics. 

A reasonable criticism of the abole inference is that 
so far no evidence has been put forward to justify equat¬ 
ing the rate of alcohol metabolism in dog and man, 
There is, however, fairly conclusive evidence that Buch 
an equation is tenable. Thus Newman and Lehman (5") 
found as the average for two human subjects after a dose 
of 1.5 g/kg, a rate of metabolism equal to 214 mg of 
alcohol/kg/hr, quite comparable to the figures for dogs 
which we have quoted. Tlius it seems quite reasonable 
to assume that the rate of metabolism of alcohol in man 
and in the dog is essentially the same. 

Further evidence regarding the rate at which alcohol 
can be metabolized in dogs may be secured from the fol¬ 
lowing experiments. A 23-kg male dog was given a dose 
of 3.0 g of alcohol intravenously, and the blood alcohol 
concentration followed until it approached zero. The 
average rate of metabolism of alcohol so determined war 
found to be 156 mg/kg/hr. On another day the same 
dose was again given, followed by a constant intravenous 
infusion at a rate of 156 mg/kg/hr for a period of 3 hr. 
The blood alcohol concentration under these circumstances 
dropped from an initial figure of 363 mg/I00 cc at the 
start of the constant infusion to 351 at the end. On two 
other occasions an initial dose of the same magnitude was 
given, followed by hourly doses administered by stomach 
tube at the same rate of 156 mg/hg/hr“for,a period of b 
hr. On one occasion the blood alcohol concentration 
dropped from 346 to 312 mg/100 cc, on -the other from 
330 to 312. Thus, In spite of the maintenance dose of 
156 mg/kg/hr, calculated from, the awam$e fate of dis¬ 
appearance of alcohol after a single Large dose, there 
was, on the average, a drop In blood alcohol concentra¬ 
tion of 3.5 mg/100 oc/hr, which Is equal to a rate of 
metabolism of 30 mg/kg/hr in excess of the maintenance 
dose. The experiment thus demonstrated that a mainte¬ 
nance dose of alcohol calculated from the average rate of 
metabolism after a single large dose was not sufficient to 
maintain the blood alcohol level constant at the highest 
level produced by such a dose. This constitutes addi¬ 
tional proof of the fallacy of the hypothesis that the 
rate of alcohol metabolism Is unrelated to dosage or blood 
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aloohol concentration- The true rate of alcohol metabo- 
H«w at thla high blood alcohol concentration can thus be 
estimated as the aum of the maintenance dose of 150 mg/ 
kg/hr plus the deficit of 30 mg/kg/hr, or 180 mgAg/hr. 
If this rate be applied directly to man, the maximal daily 
consumption for a 70-kg man would be 812.5 g of alco¬ 
hol, or about 201 oz of 100 proof whiaky, which falls in 
the same order of magnitude aa the 82 oz calculated from 
prolonged daily consumption in dogs. 

From these data we may then conclude that the maxi¬ 
mum daily consumption of alcohol by a man of average 
weight is represented by a quart of 100 proof liquor, and 
that estimates greater than this are in error. Equally, 
it may be concluded that this consumption may only be 
achieved by maintaining the blood alcohol concentration 
at a.high Level- 
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Preliminary Observations on the Biological 
Effects of Radiation on the Life 
Cycle of Trichinella spiralis 

Joseph E. Alicatn and George O. Burr 

Department ef Parasitology, University of Hawaii 
Agricultural Experiment Station , and 
Department of Physiology and Biochemistry, 

Experiment Station, Hawaiian Sugar Planters 9 Association 

Trichinella spiralis is the causative agent of human 
trichinosis. The disease is acquired as a result of eating 
undercooked meat, usually pork, containing the parasite 
in the encysted larval stage. Trichina infection appears 
to be somewhat common in the United States as it has 
been found in 14.34% of human post-mortem examina¬ 
tions (f). Since there is no simple economical method 
of treating meat 41 slaughter to kill trichinae larvae, any 
Information which may improve present conditions is de¬ 
sirable, It has beefi.found that a very intense beam of 
X-rays or cathode rays produced in a aewly developed 
high voltage machine rapidly destroyed bacteria, yeasts, 
and molds, and the application of this method to the 
sterilisation of food has been suggested (I, J). 

The writers. In this study, have undertaken some pre¬ 
liminary experiments to determine whether treatment of 
meat with radiations would hare lethal action on the en¬ 
cysted trichinae larvae or would produce some morpho¬ 
logical change which would prove detrimental to the life 
cycle of the parasite. For the purpose of clarity the life 
cycle of Trichinella spiralis is briefly summarised. The 



Fig. 1. Adult femalee of Trichinella spiralis recovered 
iron] small Intestine of rats 8 days following experimental 
Infection. (n) Normal adult with embryos In the uterus 
recovered from a control rat which hnd received nonlrradl- 
nted Infected muscle ; (b) adult showing undeveloped em¬ 
bryos In the uterus recovered from a rnt which had received 
Infected meat Irradiated for 00 hr ; (c) ndult recovered from 
n rat which hod received meat Irradiated for 144 hr showing 
abnormality In the shape of the body wall. 

larvae develop nnd reach maturity in the intestinal tract 
of the host 2-3 days following ingestion of infected meat. 
On the fifth or sixth day about 99 to 100% of the female 
worms show embryos in the uterus (Fig. la). These 
embryos are liberated into the lymph spaces of the host’s 
intestines and eventually reach the musculature where 
they become infective in less than 8 weeks. 

The method uBed in these experiments consisted in pre¬ 
paring smaU cellophane wrappings cash enclosing about 
1 g of trichinous rat meat and placing the packets be¬ 
tween two tubes containing radioactive cobalt, in a re¬ 
frigerator at about 4° C. The dope of irradiation re¬ 
ceived by the meat was estimated to be 2000 r for each 
24 hr, consisting largely of gamma rays, the beta rays 
having been filtered out. After the meat was irradiated 
for a specified Interval of time, the contents of each of 
two wrappings were fed to each of two white rats. 1 One 
of the rats was killed 6 days after infection to determine 
the condition of the adult worms in the intestinal tract. 
The Becond rat was killed 80 days after infection to de¬ 
termine presence or absence of encysted trichinae larvae 
in the musculature; if larvae were not found by use of 
the press*preparatlon method, the muscle was artificially 
digested and examined. A control rat receiving nn- 

1 Acknowledgmeut Is made to Dr. A. R. Lamb, Experiment 
Station, H.S.P.A., for making laboratory animals available. 
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treated meat was maintained for each rat fed irradiated 
meat ; both were killed at the same time. 

In the precent report, based on six separate experi¬ 
ments, the following observations have been made: Ir¬ 
radiation produced no lethal affect on the larvae nor did 
It affect their power of developing to the adult stage. 
Irradiation showed increased and variable deleterious 
effects on the reproductive cells of the adult female 
worms with increased dosage. In four experiments in 
which meat was continuously irradiated for 4 days it 
was estimated that 12 to 80% of the female worms were 
sterile, i.e., the embryos failed to complete their develop¬ 
ment (Fig. Ib). The remainder of the female worms 
showed embryos in the uterus. Irradiation for 0 days 
resulted in the sterility of about 43 to 100% of the adult 
females. Irradiation for 6 days resulted in the sterility 
of about 60 to 100% of the female worms. In two other 
experiments in which meat was irradiated for 4-6 days, 
presence of sterile female worms was observed but the 
percentage affected was not determined. 

Female parasites, not made sterile as a result of Irradi¬ 
ation, produced embryos which were able to invade the 
musculature of the host and become infective. Of six 
rats receiving meat irradiated for 6 days, and killed B0 
days later, four showed no larvae in the musculature. 

In addition to affecting the reproductive tissue, irradi¬ 
ation produced abnormality in the form of irregular ele¬ 
vations or vesiculations of the body wall of the parasite 
(Fig. lc), This condition was evident along the posterior 
half of the female worm and waB found to be more prev¬ 
alent as the period of irradiation increased. 

These results show that gamma radiation at the dose, 
Intensity, and temperature applied is not lethal to tri¬ 
chinae larvae encysted in meat, but under proper dosage 
renders the female worms sterile and unable to complete 
their life cycle. Experiments are in progress to deter¬ 
mine, among other things, the effects of larger dosages 
applied for a shorter time from a more intense source. 

RafartocM 

I. Dunn. C. G., ei al. J. appl, PhyB s 1048, 19, flOB. 

3. Sawitz, Wuxi. Pull. Hlth . Rep., 1038, 03, BOB. 

B. Tauup, J. C. J. appi. Phy»., 1B4B, 19, B9ST. 

Effect of Temperature on the Mutual 
Adhesiveness of Epithelial Cells 1 

Irving Zeldman 

Department of Pathology, Univeriity of Penmtylvanie 
Medical School, Philadelphia 

Previous work in our laboratory has demonstrated that 
an important physical characteristic of canceT cells is 
decreased mutual adhesiveness, and that this property 
is apparently due to a low calcium content of such cells 
(1, 3 } 4). These observations have stimulated investiga¬ 
tion of other factors which might affect normal cell ad¬ 
hesiveness and have led to the finding that adhesiveness 
is greatly affected by temperature. 

1 Aided by a grant from the Donnfir Foundation, 


The method used has been described previously (1), 
and only a summary will be given here. Attached pain 
of human buccal epithelial eeDs were used. The force 
required to separate each pair by* mieromanJpulation was 
measured. This force, calculated in milligrams, was de¬ 
termined by measuring the bend produced in a previ¬ 
ously calibrated microneedle as It was moved In a direc¬ 
tion tending to separate one member of a pair of eeUs 
from the other. During micromanipulntion, the cells 
were kept immersed in a balanced salt solution. A con¬ 
stant high temperature was maintained by a warm box 
surrounding .the micromanipulator; and a low tempera¬ 
ture, by the use of a refrigerated room. 

Adhesiveness of the epithelial cells was determined at 
three different temperatures. At room temperature of 
22.5 ± 1° C the mean force required to separate 100 pairs 
of cells waB 1.63 mg, with a standard error of ±0.067. 
When the epithelial cells were separated at 37 + 1° C, 
their adhesiveness was found to have decreased; the mean 
value for 50 pairs of cells was now 0.8B mg, with a stand¬ 
ard error of ±0.070. This value was significantly lower 
than that obtained at room temperature, for the differ¬ 
ence in means was 0.7 times the standard error of their 
difference. Thus, it is concluded, an increase in temper¬ 
ature produced a decrease in adhesiveness of buccal epi¬ 
thelial cells. 

When epithelial cells were separated at a low tem¬ 
perature (11 ±1“ C), the mean value of adhesiveness for 
100 pairs of cells was 1.01 mg, with a standard error of 
±0.100. This value was significantly higher than the 
room temperature value (1.5B mg), as the difference in 
means was 3.10 times the standard error of the difference. 
It is concluded, therefore, that a decrease in temperature 
produced an Increase in adhesiveness of epithelial cells. 

These results demonstrate that changes In temperature 
can significantly alter the adhesiveness of cells to each 
other. While quantitative measurements of most biologi¬ 
cal and biochemical processes change In the same direc¬ 
tion as does the environmental temperature, the property 
of adhesiveness changes inversely as the temperature. 
Alterations in adhesiveness produced by changes In tem¬ 
perature may be of no great significance in homoio- 
thennic animals, where body temperature remains ap 
proximately constant. However, such alterations are 
probably of importance in cold-blooded animalB. Thus, 
Luck£ and Schlumberger (f) have demonstrated that 
renal carcinoma of the leopard frog metastasises more 
extensively when the environmental temporeture is in¬ 
creased. Conceivably, increase in temperature may far¬ 
ther reduce the already decreased adhesiveness of cancer 
cells, thereby leading to greater invaslveness and en¬ 
hancing the chances for vascular dissemination. 

Rjfartncci 

1. CokAN, D. R. Cancer Rat., 1944, 4, 620. 

2. LuckS, B., and Schlumbugu, H. J. esp. Med., 1W4U, 

99, 269. 

3. McCvtcbboh, M., Coma*, D, B., and htooas, F. B. 

Cancer, 1948, X, 460, 

4. Zsidmajv, I. Cancer Re§„ 1947, 7, 380. 
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Comments and 
Communications 

The Electrochemical Restoration of Badly 
Corroded Silver-Copper Alloy Objects 

The ancient Egyptians and the peoples that followed 
were well acquainted with the hardening effect of copper 
upon silrer (sterling sliver contains from 7.5% to 10% 
copper). Accordingly, It is not uncommon to come upon 
so-called 11 sliver articles" during explorations and ex¬ 
cavations of historical sites in Egypt or other countries 
bordering on the Mediterranean Sea. 

The objects we investigated were found in graves or 
buried in the soils of Egypt, Greece, and elsewhere. 
The objects when found presented the appearance of 
badly corroded bronze objects with no indication that 
they were silver alloys. Accordingly, the objects were 
classified as copper-tin * * bronze.' 1 They had the usual 
green-gTay crust of corrosion products comprising the 
basic carbonates of copper, malachite, and asurite, to¬ 
gether with a substructure of red cuprite. Intimately 
mixed with these copper compounds was a porous mass 
of day or sand. 

Accordingly, we treated the objects by our standard 
method for bronzes, making the objects cathode In a 
8% solution of sodium hydroxide. It was not until the 
eopper compounds had been reduced to metal that we 
met with the first indication that silver was present in 
this or that object. This silver was in the metallic state 
and located underneath the reduced copper. On the 
basis of the restoration results of a number of copper- 
silver objects we have enough evidence to indicate that 
the silver copper alloys were selectively corroded, coppei 
going into solution in the acid or salt solutions found In 
soils. As long as any metallic copper was present this 
would protect the silver by causing it to become cathodic. 
Accordingly, we find the silver metal imbedded in a 
mass of copper compounds. 

The corrosion of silver does not take place until all of 
the accessible neighboring copper has been oxidized. 
Corrosion proceeds radially from the original surface, 
and at a certain distance away from the original phan¬ 
tom surface the silver. As precipitated, forming a struc¬ 
ture that is frail but that reveals, somewhat magnified, 
the details of design of the original object. After the 
copper metal has been eliminated the silver is attacked 
by soil acids or soil salts in solution in the moisture in 
the soil: the reduction of the several silver compounds, 
notably the chloride and the black oxide, proceeds with¬ 
out much difficulty. 

In a number of cases we have observed that the silver 
coin was larger In total volume than the original coin. 
The same observation applies to other silver objects. 
Tt would seem, therefore, that In the corrosion of a 


silver-copper coin there are a number of more or less 
distinct steps or stages: 

1. The attack of the copper constituent by the corrod¬ 
ing liquid in the soil. 

2. The migration of the copper compounds, such as 
chlorides and sulfates into the porous or veined loamy 
soil. Eventually these eopper compounds migrate until 
they reach the air and are then converted into basic 
salts such as malachite. 

3. The dissolution of the copper constituent of the 
coin or other "bard silver" object continues through 
many years until only the silver remains, 

4. During this process of copper dissolution, the silver 
constituent is electrocbemically protected as long as 
metallic copper is present. 

5. As soon as the eopper is all corroded itB protective 
action on silver stops, and the corroding agents attack 
the ailver. 

6. Silver salts migrate through the soil and pass copper 
salts until they encounter organic plant and animal 
matter. This matter has a strong reducing action on 
the Bilver salts and after considerable time has elapsed, 
a somewhat enlarged pure silver replica of the original 
"hard silver" object is formed. 

7. These replicas are isolated during the process of 
restoration. The reduction of ailver compounds to silver 
metal may not take place in the soil but it will tabs 
place during the electrolytic process of restoration. 

Colin G. Finx 

Columbia University , 

New York City 

A Third Record of the Whale Shark, Rbineodon 
Tjpus } in the Caribbean Sea 

In 1995, I published an article on the geographical 
distribution of the whole shark In which all known speci¬ 
mens were located. Because of its occurrence in the Gulf 
of Mexico, off Havana, Cuba, in the Florida Keys, and 
off the East Coast of Florida, I had long folt sure that 
Bhinoodon must be found in the Caribbean Sea. In 1923 
and In 1934, second- and third-hand reports came in that 
a great shark (thought to be Rhlneodon) had been seen 
off Trinidad in the Gulf of Parla, and that another had 
been repeatedly observed off San Juan Harbor, Puerto 
Rico. Every effort was made to get definite data for 
each shark, but in the end then fish had to be put down 
as unverified possibilities of whale sharks. 

First Record. Better fortune eame later, On April 
26, 1934, tfce New Fork Herald-Tribune recorded a great 
shark rammed and killed by the Grace liner Santa Lucia, 
on the run from Cristobal (Colon, Canal Zone) to Carta 
gena, Colombia. Correspondence with the Grnee Line 
officials resulted in a visit to my office by Chief Officer 
A. E. Richards, who gave an exact description of the 
great fish. Here, then, was the first definite record of 
the occurrence of the whale shark in the Caribbean. This 
observation I published in 1987, 
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Second Record. Further definite evidence that Rhineo- 
don occur* in the Caribbean came in 1937. The curious 
behavior of a great shark in the harbor of St. Marc, 
Haiti, around the steamer Colombia of the Colombian 
Steamship Company, was noted in a newspaper clipping 
sent me. A letter to the office of the company brought 
an answer from Pres. C. H. 0. Pearsall, who at the time 
was on the steamer in the harbor of St. Marc. His 
description of this great fish positively Identified it as 
Rhineodon, and this was verified by his inspection of a 
photograph in my office. 

Mr. Pearsall carefully described the unusual behavior 
of this greatest of the sharks. It 11 hung, jiround ” the 
steamer while she was loading bananas under a strong 
electric light. A number of shots were fired at the un- 
welcome visitor, but they glanced harmlessly from his 
body armor of denticle-covered 4-inch skiu. Once Rhine- 
odon came up under the comp anion way, raised its head 
and dislodged the platform at the bottom of the ladder. 
The shark was about 25 feet long and when it bumped 
into the side of the ship, the impact was noticeable. An 
account of this fish and its behavior appeared in 1939. 

Third Record. And now comes another authentic ac¬ 
count of a whale shark in the Caribbean. Mr. Arlo 
Kalshoim, second officer of the tanker Marathon of Oslo, 
Norway, has kindly sent me a letter, via the TJ. 6. Hydro¬ 
graphic Office, Washington, D. C., giving the following 
data. The Marathon, on a passage from Lisbon, Portu¬ 
gal, to Puerto La Cruz, Venezuela, had arrived on 
January 14, 1949, and anchored in that harbor in the 
afternoon. The officers were on the bridge awaiting 
orders from shore, when the captain called attention to 
a huge shark Bwimming near the vessel. Mr. Kalsheim 
writes that it was about 30 feet long and was swimming 
toward the ship. He had seen my article and figure 
published in the Hydrographic Bulletin in 1034 and at 
once recognized the visitor as a whale shark. He wrote 
that it was covered with spots over its whole body, as 
the published figure Bhowed, and he estimated the width 
of the huge mouth at 4 feet. The great shark swam 
about the ship until dark, feeding on swarms of small 
fish and on other organisms at the surface. None of the 
ship's company had ever seen a shark of this size, shape, 
and color.- It stayed on $he shady side of the ship and 
hence it was impossible to take a photograph. 

This behavior of the third Caribbean whale shark par¬ 
allels that of the second specimen noted in these waters 
and of the two others which were reported by hearsay 
that could not be verified. This third Rhineodon had no 
fear of the ship or the crew, who, to a man, were hanging 
over the rail keenly Interested. This behavior is typical 
of the whale shark. Secure in its armor of 4-incb-thich 
bide of tough fibers, the adult can be harmed by nothing 
that swims the seas. It has no enemies but man, and hiB 
harpoons and bullets will not penetrate its skin save when 
this is relaxed and shots are on the perpendicular—at an 
angle they glance off harmlessly. Man's surest way of 
killing this sluggish monster is by ramming it with a 
steamship—and a considerable number of such oases 
have been reported by the present writer (1940). 


Those interested in the habits and behavior of Rhineo- 
don typ us will find all available material presented in 
my article, "The Whale Shark Unafraid,” publiahed in 
1941. 

E. W. Gudov* 

American Museum of Natural History 
New Torlc City 

Some Current Misconceptions of N. L. Sadi 
Carnot's Memoir and Cycle 

Recent authoritative texts state erroneously that Oarnot 
(1824): (a) employed the discredited substantive or so- 
called caloric theory of heat, (b) discovered the second 
law without appreciating the first law, and (c) incor¬ 
rectly pictured the descent of heat (chute do calorique) 
through an engine as analogous ^o the flow of water 
through a mill. 

These misconceptions have arisen from improper inter¬ 
pretations of Carnot's terms feu (flame), choZeur (heat), 
and calorique (translated as "caloric” but should be 
interpreted today aB entropy following Br0nsted). 

Clapeyron (1834) misunderstood Carnot and introduced 
unnecessary mistakes which Carnot had been careful to 
avoid. (Callendar, H. L. "Heat” in Bhoycl. Brit., 
1911, et scq.). Clapeyron’s mistake still dominates the 
literature a century later. 

Kelvin (1849-51) interpreted the three terms indis¬ 
criminately as heat and unjustly criticized Carnot's 
proof. Clausius (1650) was acquainted with the memoir 
only through the work of Clapeyron and Kelvin. Ost- 
waJd (1892, Klassiker No. 37) remarked that Oarnot 
used chute de calorique consistently when emphasizing 
the motive power of heat, but c haleur for genoral con¬ 
sideration, never chute de ohaleur . 

Br0nsted (1937-47, Phil. Mag., 1940, 7, 29: 809), has 
developed a new self-consistent and symmetrical system 
of energetics in which the reversible transport of any 
extensive quantity (entropy, mass, electric charge, etc.) 
through a corresponding conjugate difference In poten¬ 
tial (temperature, gravitational or electric, etc!) is neces¬ 
sary for the production of work. (La Mee, Foss and 
Reiss, Conference on molecular interaction , New York 
Aeademy of Sciences, Am, N. Y. Acad, floi., 1949, 51, 
Art. 4). 

Carnot's cycle thus represents the conversion of thermal 
energy ( TS ) into mechanical work A hy the fall of 
entropy through a potential difference (Tf-TO 
hA ibvrtnil = hS(T t — 2\) 

Br0nsted's interpretation simplifies the presentation and 
renders unnecessary the accepted compensation theory 
of Clausius developed to harmonize Carnot'e Ideas (as 
Clausius understood them) with the first law. 

This communication is based on a paper presented at 
the January 20 meeting of the American Physical 
Society. A fuller account documenting the assertions 
will be submitted to the American Journal of Physios, 

Victor K. La Mna 

Department of Chemistry, 

Cobtmbia University 
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NEWS 
and Notes 

Eduardo Dto Robertis, U. S. Pub¬ 
lic Health special fellow at the De¬ 
partment of Biology, Massachusetts 
Institute of Technology, has been 
appointed director of the Department 
of Cell Ultrastructure at the Insti¬ 
tute of Biological Sciences, Monte¬ 
video, Uruguay. 

Charles P. Huttrer, senior re 
search chemist at the Warner Insti¬ 
tute for Therapeutic Research, New 
Tork City, has been appointed re¬ 
search associate to the Subcommittee 
of Chemotherapy at the Chemical- 
Biological Coordination Center of 
the National Research Council. 

Francis Birch, professor of geol¬ 
ogy at Harvard University, has been 
named Sturgis-Hooper Professor of 
Geology. He succeeds Louis C. Gra- 
ton, who will retire this summer to 
become professor emeritus. 

Ray C. Anderson, formerly a 
medical geneticist of the Army 
Medical Corps stationed in Hiro¬ 
shima, has been named assistant di¬ 
rector of the Dight Institute of 
Human Genetics at the University of 
Minnesota. 

Charles L. Shrewsbury, of Mid¬ 
west Research Institute, has been 
named chairman of agricultural 
chemistry at Southwest Research In¬ 
stitute of San Antonio and Houston, 
Texas, and associate director of the 
affiliated Foundation of Applied Re¬ 
search. 

Visitors to U. S. 

Hans Wedding ton, Fritz Wil¬ 
helm, and Gerhard Rantzer, Ger¬ 
man economists, are visiting a num¬ 
ber of U. 8 . land grant colleges to 
study methods of distributing cur¬ 
rent economic Information to German 
farmers. 

Roberto Jaaet, director of the 
Minerag&o Geral do Brasil, and of 
Uaina Santa Olimpia Indflstria do 
Ferro e Ago of South America, la 
studying different types of Industrial 


equipment in this country. He plans 
to be here for three months. 

B. L. Van der Waerden, of the 

University of Amsterdam, will be 
visiting professor for the summer 
quarter at the University of Wash¬ 
ington, where he will give courses in 
algebraic geometry and operational 
methods in mathematical physics. 

Grants and Awards 

The Rockefeller Foundation has 

awarded to Duke UAiverslty a grant 
of one hundred thousand dollars 
toward researches in physical bio¬ 
chemistry of proteins at the School 
of Medicine, uuder the direction of 
Hans Neurath. The grant lg avail¬ 
able for a seven-year period, begin¬ 
ning July 1, and has been made in 
addition to a similar grant of twenty- 
five thousand dollars awarded in 1946 
for a five-year period. 

Research Corporation has an¬ 
nounced recent grants totaling nearly 
$250,000 to aid scientific research in 
colleges, universities, and institutes. 
One of the 06 grants—$64,650—went 
to George W. Kidder of Amherst 
College, for continuation of his work 
in cancer research, and another to 
Edward C. Kendall, of Mayo Clinic, 
for further study on the control of 
rheumatoid arthritis by an adrenal 
hormone. 

The John Wesley Hyatt gold 
medal and $1,000 award wore pre¬ 
sented to George T. Felbeck, vice 
president, Carbide and Carbon Chem¬ 
icals Corporation, New York City, at 
the annual meeting of the Society of 
the Plastics Industry. Dr, Felbeck 
received the award* foT engineering 
developments leading to the manu¬ 
facture of polyethylene resins and 
plastics. 

Mark Nickerson, assistant profes¬ 
sor of pharmacology, University of 
Utah College of Medicine, was 
awarded the .1949 John J. ■ Abel 
Pharmacology Prize — a bronze 
medal and $1,000—for his research 
on the pharmacology of the (5-halo- 
alkyl amines, a new class of adrener¬ 
gic blocking agents. The award, do¬ 
nated by the Eli Lilly Company of 
Indianapolis, will be made again in 
I960. Inquiries may be addressed 


to the Secretary of the Society foi 
Plftrmacology and Experimental 
Therapeutics, H. B. Haag, Medical 
College of Virginia, Richmond B. 
Virginia. 

Sigma Delta Epsilon, the gradu 
ate women'i scientific fraternity, is 
offering an award of $500 for re¬ 
search in the mathematical, physical, 
or biological sciences. The award, 
open to members only, will be made 
for an original research paper which 
has been published or accepted for 
publication this year by a scientific 
journal. Members of the research 
award committee are: Lola V. 
Barton, Boyce Thompson Institute 
for Plant Research, Inc., chairman; 
Elva Shipley Meyer, University of 
Wisconsin zoologist; and Helen Old¬ 
ham, Department of Home Econom¬ 
ics, University of Chicago. The 
award will be presented at the De¬ 
cember meeting of the AAAS in New 
York City. 

John Reenstiema, professor 
emeritus of Upsala University, Swe¬ 
den, has been awarded the Finlay 
Order, Cuba's highest distinction, in 
recognition of his research leading to 
the development of a successful lepra 
serum. 

This year's $2,000 Charles L. 
Mayer “Nature of Light” Prize has 
been awarded to Julian S. Schwin¬ 
ger, professor of physics at Harvard 
University. Dr. Schwinger won the 
award for his essays 11 On Quantum- 
Electrodynamics Rod the Magnetic 
Moment of the Electron.'* 

Fellowships 

The American Association df 
University Women has awarded 27 
research fellowships of $1,500 each to 
women scholara for the coming, aca¬ 
demic year. Ten women scientist* 
included among the recipients and 
their subjects of Investigation are: 
Charlene Craft, instructor of anthro¬ 
pology at the University of Alaska, 
who will conduct an archaeological 
field trip into Upper Kuekokwim, the 
homeland of the Athabaskan In¬ 
dians; Barbara D. Blanchard, as¬ 
sistant professor of soology at Santa 
Barbara College, University of Cali¬ 
fornia, who will study the birds which _ 
migrate between California and 
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Alaska to lean the physiological 
effects of Arctic conditions on warm’ 
blooded animals; Jacqueline Chit¬ 
tenden, lecturer In classical archaeol¬ 
ogy at the University of Edinburgh, 
who will do researeh on archaeologi¬ 
cal monuments relating to the cult 
of Hermes at the American School 
of Archaeology in Greece; Geneva 
Sayre, professor of biology at Bus¬ 
sell Sage College, who will write a 
monograph on the varieties of rock¬ 
growing mosses of the Qrimmiaceae 
family; Adela Cabezas, resident 
physician at Hospital Rosales, San 
Salvador, who will come to this coun¬ 
try for postgraduate study in pedia¬ 
trics; Alice B. Dickinson, fellow at 
the University of Michigan, who will 
do research in higher mathematics; 
Helen B. Garman, research assistant 
In plant physiology at the Univer¬ 
sity of Wisconsin, who will study 
organ formation in plants; June 
Zimmerman, Physical Chemistry Lab¬ 
oratory, Oxford, who will complete a 
study of oxidation in bacterial sys¬ 
tems; Lydia Bidinost, Buenos Aires 
biochemist, who will conduct ad¬ 
vanced research in biochemistry at 
Columbia University; and V. Oldfelt, 
pediatrician, of Stockholm, Bweden, 
who will study virus diseases at 
Children’s Hospital in Philadelphia, 

Colleges and Universities 

Construction of the (2,075,000 
Nathan Goldblatt Memorial Hospital 
at the University of Chicago began 
officially with the laying of the 
cornerstone on May 17. To be com¬ 
pleted in 1950, It will be the first 
unit in the university’s (8,500,000 
cancer research center. Adjacent to 
the Goldblatt unit, the Atomic 
Energy Commission will build the 
Argonne Cancer Research Hospital, 
for research on radioactive isotopes 
in cancer treatment. 

The Maseachueette Institute of 
Technology has announced that Po¬ 
mona College of California and Wes¬ 
leyan University of Connecticut are 
the most recen t additions to the 
cooperative liberal arts and techno-, 
logical study program which was es¬ 
tablished in 1930. The program 
offers qualified undergraduate stu- 
•denta a specially planned three-year 
course In any of the 14 participating 


liberal arts colleges and enables them 
to complete in two years the require¬ 
ments for a science, engineering, or 
city planning degree at M.I.T. Both 
a B.S, degree from M.I.T. and a 
B.A. degree from the liberal arts 
college are awarded on completion of 
the program, The other 12 partici¬ 
pating colleges are; Amherst College, 
Amherst, Massachusetts; Bowdoin 
College, Brunswick, Maine; Miami 
University, Oxford, Ohio; Middle- 
bury College, Middlebury, Vermont; 
Ohio Wesleyan University, Delaware, 
Ohio; Reed College, Portland, Ore¬ 
gon; Ripon College, Ripon, Wiscon¬ 
sin; St. Lawrence University, Can¬ 
ton, New York; Washington and 
Jefferson College, Washington, Penn¬ 
sylvania; College of William and 
Mary, Williamsburg, Virginia; Wil¬ 
liams College, Williams town, Massa¬ 
chusetts; and College of Wooster, 
Wooster, Ohio, 

The Department of Engineering 
Physics at Cornell University will 
offer a course in electron microscopy 
next fall, os a project of the new 
Electron Microscopy Laboratory, 
which will be established at the uni¬ 
versity as the insult of a grant from 
the Rockefeller Foundation. 

The Armour Research Founda¬ 
tion of Illinois Institute of Tech¬ 
nology has begun research to 
stabilize calcium oxide (lime) for 
use as a refractory for rocket liners, 
jet airplane parts, and other indus¬ 
trial applications. The stabilization 
process, which will be directed by 
Ji Scott Griffith, supervisor of 
ceramics, and John Neff, bead of 
minerals research, is the second 
step in the project which the foun¬ 
dation is conducting for the Air 
Materiel Command. It must be 
preceded by the modification of high 
temperature electric furnaces so 
that they eon be used up to 2300° 
0 for sintering lime and other com¬ 
mon oxides such as magnesium 
oxide. 

Purdue University has established 
a permanent natural area of 70 
acres, 12 miles from the campus, to 
preserve the biota for ecological 
study by the Department of Bio¬ 
logical Beiences, This tract was be¬ 
queathed to the university by the 


late David E. Ross and is to be 
known as the Ross Biological Re¬ 
serve. The land borders the Wa¬ 
bash River, and includes oak-hickory 
forest, bottomland forest along the 
river, two ravines with permanent 
streams, swampland, and old fields 
of several succession^ stages. 

Industrial Laboratories 

Maliinckrodt Chemical Works 
has elected as its new president 
Joseph Fistcre, former vice presi¬ 
dent and director of the company. 
Mr. Fistere succeeds the late Ar¬ 
thur G. Boylston, who had been 
president since 1941. 

Airborne Instrument! Labora¬ 
tory, Mineola, New York, has re¬ 
cently organized a research group 
known as the Applied Physios Sec¬ 
tion, headed by Rodney F. Simons. 
The new unit is developing a neu¬ 
tron velocity selector for Brook- 
haven National Laboratories, to be 
ready for use when the new atomic 
pile begins operation. 

Meetings and Elections 

An international conference on 
science abstracting will be held at 
Unesco House, Paris, June 20-25 for 
the purpose of developing and im¬ 
proving abstracting services for the 
natural sciences—both pure and ap¬ 
plied—and considering methods of 
increasing their usefulness to sci¬ 
entists. Representatives from the 
member states of the United Nations 
and from its specialized agencies and 
other international organizations 
have been invited to take part in the 
conference. Others will be welcome 
as observers. 

An international conference on 
electron microscopy will be held at 
Delft, July 4-7 under the auspices of 
the Section on Applied Physics of the 
Netherlands Physical Society. The 
meetings will include sections on 
Image Formation and Contrast, Re¬ 
solving Power and Apparatus, and 
Specimen Techniques. American 
members of the Recommendation 
Committee are: Francis O. Schmidt, 
president. Electron Microscope So¬ 
ciety of America; Charles J. Barton, 
secretary of the society; ajud Ralph 
W. G. Wljekoff, of the Department 
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of Microbiology; National Institutes 
of Health, BotliCoda, Maryland. Sci¬ 
entists interested In participating 
should write to Henri Polmk, Techni¬ 
cal Documentation and Information 
Center for the Netherlands, 525 Boll¬ 
ing Road, Chevy Chase 15, Maryland. 

The American Association of 
Blood Banks will hold its second 
annual meeting in Seattle, Washing¬ 
ton, November 3—5. The program is 
expected to interest both scientists 
and administrators of blood banks 
and hospitals. Further information 
may be obtained from the Office of 
the Secretary, 3301 Junius Street, 
Dallas 1, Texas. 

The Kansas Academy of Science, 
at its Hist annual meeting at Kan¬ 
sas State College on April 28-30, 
elected the following officers: presi¬ 
dent, Paul Q. Murphy; president¬ 
elect, A. B. Leonard; secretary, A, 
M. Guhl; treasurer, StandJee Dal¬ 
ton; and librarian, D. J. Ameel, 

L, A. Maynard, professor of nu¬ 
trition and biochemistry of Cornell 
University, and Rene J. Dubos, bac¬ 
teriologist and member of the Rocke¬ 
feller Institute for Medical Research, 
have been elected trustees of Sci¬ 
ence Service. Dr. Maynard was 
nominated by the National Academy 
of Sciences and Dr. Dubos by the 
National Research Council. 

The following officers were re¬ 
named at the annual meeting: presi¬ 
dent, Harlow Shapley, director of 
Harvard College Observatory; vice 
president and chairman of the 
Executive Committee, Alexander 
Wetmore, secretary of Smithsonian 
Institution; treasurer, O. W. Riegel, 
director of Lee School of Journal¬ 
ism, Washington and Lee Univer¬ 
sity; secretary, Watson Davis, di¬ 
rector of Science Service. Addi¬ 
tional members elected to the Exec¬ 
utive Committee were: Frank R. 
Ford, editor, Evansville Press, 
Evansville, Indiana, and Karl Lark- 
Horovlts, Purdue University. 

Deaths 

Paul Ball Davis, 00, research 
chemist, died March IP at Ills home in 
Baltimore, Dr, Davis, a member of 
the research and development branch 
of the DavisOn Chemical Company af 


Baltimore since 1919, was best known 
for his work in silicic acid gels dur¬ 
ing World War I. 

Paul Harkai Schiller, 40, died in 
a skiing accident on Mt. Washington, 
New Hampshire, on May 1. Dr. 
Schiller, formerly head of the Psy¬ 
chology Departments at Fazmany 
University, Hungary, and Bolyai 
University, Rumania, had been re¬ 
search associate at the Yerkes Lab¬ 
oratories of Primate Biology in 
Orange Park, Florida, since 1947. 
At the time of his death he was 
temporarily engaged in research in 
the Department of Psychology at 
Harvard University. 

Arthur Berkeley Yates, 48, chief 
geologist of the International Nickel 
Company, diod May 10 in Montreal, 
where be had gone to receive the 
Barlow Memorial Medal of the 
Canadian Institute of Mining and 
Metallurgy at the institute’s an¬ 
nual convention. He had been sta¬ 
tioned in South Africa by Interna¬ 
tional Nickel. 

George T. W. Patrick, 92, pro 
feasor emeritus of philosophy at Iowa 
State College, died of a heart attack 
at his home in Palo Alto on May 21. 
Professor Patrick’s fields of inves¬ 
tigation included the psychology of 
social reconstruction and the philoso¬ 
phy of the mind. 


A Directory of Translators has 
been established by the Science- 
Technology Group of Special Libra¬ 
ries Association. It is located at the 
Southwestern Research Institute, San 
Antonio, Texas, and is operated as a 
free service to bring together clients 
having translation problems and lan¬ 
guage specialists In the fields of sci¬ 
ence and technology. Persons or 
firms needing qualified translators 
are invited to address inquiries to 
Wayne Kalenich, librarian, and 
translators are urged to place their 
qualifications on file with the' direc¬ 
tory. Twenty-three languages are 
already represented among the spe¬ 
cialists listed and it is hoped that 
translators in all fields of knowledge 
will eventually be registered! In¬ 
formation concerning interpreters is 
also solicited. 

The Special Libraries Association 


Translations Pool, also under the 
management of Mr. Kalenich, lists 
technical translations and informa¬ 
tion as to their loan or purchase. 
About three thousand translations 
have been indexed and persons plan¬ 
ning to translate a technical article 
are urged to check with Mr. Kalenich 
to make sure that such a translation 
is not already available. 

The National Registry of Rare 
Chemicals, 33 West 33 rd Street, 
Chicago 16, has submitted the fol¬ 
lowing list of wanted chemicals: 
5,7,2',3'-tetraliydroxyflnvunone, 3,5,- 
6,7,2'-pentahydroxyflavone, 3,5, 0,7,- 
3',4'-hexahydroxyflnvone, 3,0,2'/4'- 
tetrahydroxyflavone, 5,7,2',4'-tetra- 
hydroxy flnvone, 4' methyl-3,4-bens- 
pyrene, 20-ethylcbolan throne, 3- 
cliloro-29-nietliylcholanllireiie, 6-ey- 
ano-20-mcthylcholantlirene, coriamyr- 
tin, deuterofornmldeliyde, 1-decalol, 
monodeiiteroethylene, phenylpanto- 
thenone, cyclooctanoiie, picropodo 
phyllin, muscarine, fructose-6-phos 
plinte, thioinethylpcntosides, cadi 
nene, and kerncynnin. 

About one hundred numbers of 
the Philippine Journal of Science 
(1929 to 1941), are available to any¬ 
one willing to pay the cost of trans¬ 
portation. Not all volumes are com¬ 
plete, and articles on fishes and 
orchids have been extracted from s 
number of the issues. The publica¬ 
tions may be obtained from Hugh 
Craig, Schnoll Publishing Co., Inc., 
59 John Street, New York City 7. 

Institut International des Sci¬ 
ences Th£oriques, of Brussels, has 
announced that a prize of 60,000 
francs (Belgian) will be awarded 
for the best paper On the "Exposi¬ 
tion and Critique of the Concep¬ 
tions of Eddington Concerning the 
Philosophy of Physical Science." 
Papers must be submitted before 
December 91, 1960. Further infor¬ 
mation may be obtained from the 
Secretary, Institut International 
des Sciences Th6oriques, 221, Ave¬ 
nue de Tervueren, Brussels, Bel¬ 
gium, 

A new international journal. Ap¬ 
plied Scientific Research, will be 
published at The Hogue under the 
ausplees of the Central NationaJ 
Council for Applied Scientific Be- 
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search In the Netherlands, the Ap¬ 
plied Physics Section of the Neth¬ 
erlands Physical Society, and the 
Section for Technical Scientific Re¬ 
search of the Royal Institute of 
Engineers of the Netherlands. The 
journal will be issued in two sec¬ 
tions: A, containing papers on ap¬ 
plied mechanics, hydro- and aero¬ 
mechanics, heat, and the mechanical 
and thermal properties of materials; 
and B, containing papers on applied 
elec trophy sics, acoustics, optics, and 
the electrical, acoustical, and op¬ 
tical properties of materials. The 
subscription price is 20 guilders per 
volume for each section. American 
subscribers may send their orders 
and remittances through Tice and 
Lynch, Inc., Forwarding agents, 21 
Pearl Street, New York City. 

An Interim Checklist of Moldings 
of 168 German Medical pnd Dental 
Periodicals, 1980-1948, in 88 Li¬ 
braries of the United States and 
Canada has been compiled by the 
Committee on Periodical! and 
Serial Publications of the Medical 
Library Association. The number 
of copies to be published will be 
based on the number of orders re¬ 
ceived by July 15. To assure receipt 
of a copy, an order, accompanied by 
remittance of $1.00, should bo sent 
before that date to: Mrs. Edith 
Dernefal, Marquette University Med¬ 
ical Library, 561 N, 15th Street, 
Milwaukee 3, Wisconsin. 

The Linnean Society of New 
South Walee announces that the 
position of Macleay Bacteriologist is 
open to qualified researchers in agri¬ 
cultural bacteriology. The appoint¬ 
ment, which carries an annual salary 
of £000 to £900 (Australian) is for 
a five-year period. Further informa¬ 
tion may be obtained from the Sec¬ 
retary, Linnean Society of New 
South Wales, Science House, 157 
Gloucester Street, Sydney, New Soutli 
Wales, Autralia. Applications 
should include three references and 
must he submitted to the secretary 
by June 80. 

The Atomic Energy Commiaalon 
has announced that limited quantities 
of iootopieally-labeled compounds, 
produced in excess of AEG needs, 
will be made available from the Oak 


Ridge National Laboratory upon al¬ 
location from the Isotopes Division. 
The only compounds now on hand are 
C l4 -labeled sodium butyrate, sodium 
valerate, sodium caproate, and 
sodium heptonoate, but other labeled 
compounds will be added to the list. 
Elemental boron 10 can also be fur¬ 
nished for research purposes. In¬ 
quiries should be addressed to the 
Isotopes Division, Atomic Energy 
Commission, Oak Ridge, Tennessee. 

The AEC recently compiled a list 
of physicists, chemists, and biologists 
who have agreed to act as consultants 
on Isotope techniques. This list (Iso¬ 
topes Division Circular E-22) is 
available upon request from the Oak 
Ridgo Laboratory. 

The Orowth ot the Experimental 
Sciences, a pamphlet describing the 
experiment of President James B. 
Con ant and his assistants in beach¬ 
ing the tactics and strategy of sci¬ 
ence to nonscience students at Har¬ 
vard College, has just been published 
for private distribution through the 
courtesy of the Carnegie Corpora¬ 
tion. Dr. Conant warns that his 
case-history approach is “both 
controversial and experimental . 1} 
Copies will be mailed without 
charge, while the supply lasts, to 
any interested college professor or 
educational administrator on appli¬ 
cation to Guy Snavely, 720 Jackson 
Place, NW,, Washington, D. 0. 

Recently Received — 

Health Problems in Industry: A 
Digest of the Proceedings of the 
Joint Conference of Doctors and 
Businessmen, held at the As¬ 
sembly Hall of the Commerce and 
Industry Association of New 
York, Inc., December 1, 1948. 
Available on request from the In¬ 
formation Service, New York Uni- 
versity-Bellevue Medical Center, 
141 Broadway, New York 0, N, Y. 

Psychological Cinema Register: a 
nonprofit sale and rental distri¬ 
bution service of selected 10-mm 
instructional motion picture films 
in psychology, psychiatry, physi¬ 
ology and related fields, No. 6, 
1940. Audio-Visual Aids Library, 
Pennsylvania State College, State 
College, Pennsylvania. 


Occupational Outlook Handbook: 
Employment Information on 
Major Occupations for Use In 
Guidance, Bulletin 940, prepared 
in cooperation with Veterans Ad¬ 
ministration. Publication of the 
U. S. Department of Labor. For 
sale by the Bupt, of Documents, 
U. S. Govt. Printing Office, Wash¬ 
ington 25, D. C. at $1.75. 

Hatch ability of Chicken Eggs as lu 
fluenced by Environment and 
Heredity by Walter Landauer. 
Bulletin 262, April 1948, (revision 
of Bulletins 216 and 236). StorTs 
Agricultural Experiment Station, 
College of Agriculture, University 
of Connecticut, Storrs, Connecti¬ 
cut. 

Journal of Calendar Reform , Inter¬ 
national Edition, First Quarter 
1949. World Calendar Assn., Inc., 
630 Fifth Avenue, New York 20, 
N. Y. 

Expanding World Trade — U. B. 
Policy and Program. Foreign 
Affairs Background Summary. Is¬ 
sued by the Office of Public Af¬ 
fairs, Department of State, Wash¬ 
ington, D. C. 

Vegetation-Types Map of Tangan¬ 
yika Territory by dement Gill- 
man. Available from the Ameri¬ 
can Geographical Society of New 
York, Broadway at 156th Street, 
New York 32, N. Y. at $1.00 per 
copy postpaid. 

Make Plans for— 

American Society of Ichthyolo¬ 
gists and Herpetologists, annual 
meeting, June 18-21, U. S. National 
Museum, Washington, D. C. 

Inter-University High Altitude 
Laboratory, cosmic ray symposium, 
June 22-28, Echo Lake, Colorado. 

Western Psychological Associa¬ 
tion, June 24-25, Eugene, Oregon. 

American Physical Society, sum¬ 
mer meeting, June 27-29, University 
of Washington, Seattle; meeting of 
the Division of Fluid Dynamics, June 
SO-O’uly 1, Naval Ordnance Labora¬ 
tory, White Oak, Maryland. 

International Union for the Sjd- 
entifle Study of Population, August 
27-September 3, Geneva, Switzer¬ 
land. 
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The Committee on Inter-American Scientific Publication 


Harlow Shapley, Harvard University 

A DIRECT REPORTING SERVICE to all the 
3,323 Peruvian physicians; the building up of 
a mathematical library in the City of Mexico; 
the processing and placing of 92 articles in technical 
and scientific journals of the United States; the com¬ 
piling of a Latin American Men of Science —these are 
among the activities of a small committee that has 
been working for eight years in the interests of pro¬ 
moting both the international spirit of science and 
inter-American cooperation. Other activities include 
providing surveys of scientific developments in the 
United States, written by experts in the various fields, 
for publication in one or more of the many scientific 
journals of the other American republics; and work¬ 
ing with half' n dozen of the leading scientific societies 
of the United States in the preparation of monthly or 
bimonthly summaries of progress that are put at the 
disposal of Latin Amcricun editors. 

The Committee on Inter-Americun Scientific Pub¬ 
lication was started in September, 1943, under the 
auspices of the Coordinator of In ter-American Af¬ 
fairs. The plan was orginated by members of the 
faculty of the Massachusetts Institute of Technology 
and Manuel Sandoval Vallarta directed its activities 
for the first year. Since that time the committee has 
been under my chairmanship and its headquarters 
have been at the Harvard Observatory until very 
recently, when larger space became available at the 
American Academy of Arts and Sciences, 28 New¬ 
bury Street, Boston. From the beginning, Christina 
Buechner has been executive secretary. 

The other committee members at the present time 
are: Roger Adams, chairman, Department of Chem¬ 
istry, University of Dlinois; Bart J. Bok, associate 
director, Harvard College Observatory, and chairman, 
National Research Council Committee on Unesco; 
Robert J. Caldwell, fermerly minister to Bolivia, later 
dean of humanities, Massachusetts Institute of Tech¬ 
nology and at present, eultural relations attach4, 
United States Embassy, Buenos Aires} Watson Davis, 
director, Science Service; James R. Killian, Jr., presi¬ 
dent, Massachusetts Institute of Technology; James 
H. Means, chief of medical services, Massachusetts 
General Hospital; and Frans Schrader, chairman, 
Department of Zoology, Columbia University. 

A year ago the National Research Council and the 
American Association for the Advancement of Science 
agreed to provide joint sponsorship of the Inter- 


American Committee. They set up a joint advisory 
committee composed of: F. R. Moulton, formerly ad¬ 
ministrative secretary of the AAAS; E. C. Stakman, 
professor of plant pathology, University of Minne¬ 
sota, and president of the AAAS; and R. L. Zwemer, 
executive secretary of the National Research Council. 

If we judge by the wholehearted cooperation the 
committee receives from the scientists and scientific 
institutions of all the Latin American countries, we 
must grant that the project is meeting an important 
need in the promotion of One World of Science. 

Our initial activity was directed to obtaining for 
the scientists of the other American republics a wider 
scientific audience for their technical contributions. 
Publication in Europe had been interrupted by the 
war and most North American scientists, unfamiliar 
with the Spanish and Portuguese languages, were un¬ 
aware of the work of their southern colleagues. The 
Inter-American Committee asked Latin American sci¬ 
entists to submit technical papers that merited a wider 
attention than was provided by their national jour¬ 
nals. An article sent to the committee, sometimes 
after screening by Latin American advisors, was 
translated, edited appropriately, and submitted, al¬ 
ways on its own merits, to the editor of the most suit¬ 
able journal in the United States. 

This initial enterprise has been highly satisfactory. 
From its small budget the committee was able to pay 
for translation and a limited number of reprints, and 
to meet other minor expenses. Once good relations 
had been established between American scientific edi¬ 
tors and Latin American contributions, our liaison 
work was completed. We had expected this par¬ 
ticular function to decrease in importance, but we 
still receive many communications that need our inter¬ 
mediary assistance. 

To date, 101 scientific articles have been sent to us 
from the south—from Argentina, Brazil, Chile, Co¬ 
lombia, Cuba, Ecuador, Guatemala, Mexico, Peru, 
Uruguay, and Venezuela. About 70 percent of the 
submitted manuscripts have been accepted by editors 
in the United States, for publication in the following 
journals: American Heart Journal; American Jour¬ 
nal of Hygiene; American Journal of Mathematics; 
American. Journal of Pathology; American Journal 
of Physiology; American Journal of Roentgenology 
and Radium Therapy; American Journal of Tropical 
Medicine; American Mathematical Monthly; Archives 
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of Pathology; Astronomical Journal; Astrophysical 
Journal; Biometrics Bulletin; Blood—J ournal of 
Hematology; Cancer Research; Duke Mathematical 
Journal; Endocrinology; Gastroenterology; Genetics; 
Journal of the American Chemical Society; Journal 
of the American Pharmaceutical Association; Journal 
of Applied Physics; Journal of Bacteriology; Journal 
of Biological Chemistry; Journal of Chemical Edu¬ 
cation; Journal of Chemical Physics; Journal of 
Clinical Endocritiology; Journal of Mathematics and 
Physics; Journal of Nervous and Mental Diseases; 
Journal of N euro physiology; Journal of Organic 
Chemistry; Journal of Pharmacology and Experi¬ 
mental Therapeutics; Physical Review; Physiological 
Reviews; Proceedings of the Society of Experimental 
Biology and Medicine; Science; Surgery, Gynecology, 
and Obstetrics; and Transactions of the American 
Mathematical Society, 

From the beginning we had hoped to make our 
work a two-way project. Tfe felt that we should not 
only receive papers from A^atin America, but that 
our scientists should contribute to publications in the 
various American republics. We have succeeded in 
carrying out this plan, again with surprising suc¬ 
cess. Three of the operations should be briefly 
described. 

After considerable investigation, including a visit 
of the executive secretary to most of the universities 
and scientific institutions of Latin America, wc dis¬ 
covered the rather unexpected fact that there are in 
existence more than 1,200 scientific publications in the 
Lutin American countries. We found that the editors 
of many of the most important journals would like 
to use articles from North America, and especially to 
use those contributions that would help keep the sci¬ 
entists of the various countries in step with the rapid 
developments in the United States. One of the best 
ways to keep up with a subject is to get experts to 
write summaries of progress and problems in specific 
fields. We asked some leading American scientists if 
they would not send to us, for transmission to the 
most suitable Latin American journals, articles of 
2,000 to 3,000 words. (Incidentally, we accompanied 
our request with the information that the small funds 
available would pennit a payment of $50 to cover 
wear and tear on nerves and secretaries.) 

Out solicitation of special surveys and summarizing 
articles has produced many original contributions. Of 
the 88 that have already been received, or are being 
prepared, I shall list only the first five papers re¬ 
ceived: "Human Biology of the Greeks/' by J. Laur¬ 
ence Angel; “Modern Trends in the Tropical Meteor¬ 
ology of the Americans/' by Robert D. Fletcher; 
“Some Recent Advances in Chemical , Kinetics," by 


George W. Beadle; “Concerning Aging/' by William 
deB. MacNider; and “Enzyme Kinetics and the Dy¬ 
namics of Their Behavior/’ by Hudson Hoagland. 

The submitted contributions are translated into the 
appropriate language by the journal editors. The 
articles have been so well received that some American 
editors have suggested that we put their journals on 
our list. One scries of papers on architecture and 
home planning merits special mention. It was beauti¬ 
fully printed, with many illustrations by Nuestra 
Arquitectura in Argentina; the seven general Amer¬ 
ican contributors were Charles Abrams, Henry S. 
Churchill, Jacob Crane, G. Holmes Ferkins, Jos^ 
Luis Sert, Christopher Tunnurd, and Catherine Bauer 
Wurster. 

A second service from American scientists to Latin 
American colleagues is provided by the American 
scientific societies, which have arranged to send 
through the committee, for distribution to hundreds 
of scientific journals in Latin America, short and gen¬ 
erally not too technical notes on current developments. 
We are greatly indebted to the societies, and espe¬ 
cially to those who have compiled these periodical 
news items, for their liberal cooperation. The first 
summaries came from the American Chemical Society, 
the American Pharmaceutical Association, the Amer¬ 
ican Medical Association, and the Geological Society 
of America. The editors receiving these various cur¬ 
rent science notes are permitted to use them with or 
without credit to the relevant society in the United 
States or to our committee. Naturally, the summaries 
are widely used. 

I have already mentioned one of the special services 
—sending a monthly article, on some specific disease 
or medical subject, to the doctors in Peru. Three dis¬ 
tinguished Peruvian physicians, Telemaco Battistini, 
Alberto Hurtado, and Carlos Alberto Seguin, have 
formed a committee to sponsor a special series pre¬ 
pared by American doctors and medical scientists. 
These articles are translated, published, and distrib¬ 
uted to all practising physicians of the country. The 
first was by I. Forest Huddelson on the subject of 
human brucellosis (undulant fever) and the second 
by Chester S. Keefer on penicillin. Twenty of these 
up-to-date articles have already been published or are 
on their way. Needless to say, this assistance to the 
doctors and citizens of Peru is warmly appreciated. 
There are also direct and indirect benefits to the med¬ 
ical science of the United States. In tropical medi¬ 
cine, as well as in many other fields, we can learn much 
from our South American colleagues. 

The work with the Peruvian medical scientists was 
greatly assisted through the personal interest of 
Ernest B. Howard, formerly associated with the Divi- 
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sion of Health and Sanitation of the Institute of 
Inter-American Affairs and now assistant secretary 
of the American Medical Association. We find that 
our activities can often be coordinated with that of 
other organizations, to our mutual benefit. It is quite 
possible that the medical work for Peru can be ex¬ 
tended to other Latin American countries. Progress 
is being made toward setting up other collaborative 
groups in Latin America which should promote not 
only interchange with out committee, but also useful 
interchanges among the scientists of the different 
Lutin American countries. 

There will probably be opportunities for important 
cooperation with Unesco’s operations in the United 
States. Mrs. Buechner has worked with the Pan 
American Union in forming a guide and description 
of the various universities, colleges, and scientific in¬ 
stitution of the American Republics. The Inler- 
Americnn Committee has also been closely associated 
with the large translation project managed by Science 
Service, and is thus in close contact with the scientific 
publishing houses of Latin America. 

Finally, I should mention that the existence of the 
Inter-American Committee has become so well known 
in Latin American scientific circles that the office in 
Boston hns the opportunity of undertaking a multi¬ 


tude of miscellaneous services. They include biblio¬ 
graphic work, guiding Latin American students and 
scholars in their travels through the United States, 
entertaining scientific visitors! and some assistance 
to the many science students in the Boston area (in¬ 
cluding the annual “Evening with the Stars'’ at the 
Harvard Observatory). To handle these miscellane¬ 
ous operations competently, we shall soon require a 
larger budget and a larger staff. 

The gratifying cooperation given our committee has 
led us to propose that the Committee on Inter-Amer- 
ican Scientific Publication should become an Interna¬ 
tional Committee on Scientific Information. From 34 
countries of Europe and A^ia we have received re¬ 
quests for the special articles by experts, for the 
summaries prepared by the scientific societies, and 
for other services of the sort wc now give in the in¬ 
terests of our Latin American assignment. The cul¬ 
tural attaches connected with our embassies and lega¬ 
tions in a number of countries in the Eastern Hemi¬ 
sphere have already distributed copies of our mate¬ 
rial. So far as it goes, this distribution from gov¬ 
ernment offices in Europe and Asia is useful; but we 
feel that it would be better to deal directly with the 
scientists, and with their scientific journals and in¬ 
stitutions. 


Robert Ridgway’s Color Standards 


D. H. Hamly 

Department of Botany, University of Toronto 

P RIOR TO THE APPEARANCE o£ Ridgway’s 
Color standards and color nomenclature in 1912 
(22) English-speaking biologists had neither a 
standardized set of colors nor a generally recognized 
set of color names. Scientists had long been striving for 
accurate description but had not felt the specific need 
for precise color terminology until about 200 years 
ago, when the many naturalists interested in the mass 
of new material brought in by world explorers had to 
introduce order into their descriptions if the informa¬ 
tion they recorded was to be of any value to others. 
In two of the first important systematic works written 
in English, especial care was taken in respect to color 
records, both in the written descriptions and in the 
coloring of the copper plate engravings. Mark 
Catesby, writing in 1743 (1), says: "In Designing the 
Plants I did them fresh and just gathered; and the 
Animals, particularly the birds, I painted them alive 


(except a very few . . He concludes by referring 
to possible color variability of two kinds: pigment 
changes in his illustrations and actual color differ¬ 
ences in specimens arising from seasonal variations. 
George Edwards reported his methods of drawing, 
engraving, and coloring in the preface to A natural 
history of birds (4). He states: "A copy carefully 
and exactly coloured from the original drawings will 
be deposited in the Library of the College of Physi¬ 
cians, of London, which may serve as a Standard to 
refer to and to compare with, to try the Truth of the 
Colouring, in c&Be the Plates should outlive me, and 
any should question the Authority of the Colouring. 7 ’ 
He adds, in Part II in 1747, "This book hath the Ad¬ 
vantage to- be Original in its Figures, as well as its 
Descriptions a , not one of the former being copied from 
others, or the latter being translated or transcribed.” 

Many of the color records made since the develop- 
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ment of modern systematica by Linnaeus, both in the 
early period and today, are very similar to those made 
by an early Canadian naturalist, Charles F other gill 
(7), who in 1820 described the back of a sandpiper as 
“a light olivaceous yellow brown, or dead flesh color.” 
Workers in color have been irritated by such terms, 
even though admitting that they are superior to im¬ 
aginative descriptions such as “Elephant’s breath” 
and “Isabella-colored,” and have preferred to use 
descriptions such as olive, scarlet, and turquoise, or 
color words such as red, pink, and brown, modified 
in various ways as recommended by Judd and Kelly 

Wh 

Color terms of any sort, however, cannot be used 
satisfactorily without reference standards, and stand¬ 
ards cannot be used over any extended period of time 
unless they are reproducible. While standards of 
sorts have existed for many years, the throe most 
widely used in the English-speaking world today are 
tho9o that satisfy, in part at least, the color theories 
advanced within the last 100 years by Clerk Maxwell, 
Hermann von Helmholtz, and others. These three 
systems have much in common, but they differ consid¬ 
erably in some respects, and each possesses some 
unique attribute. The one devised by Albert H. Mun- 
sell (16 , 17), a professor of normal school art, has 
qualities that give it fundamental importance when 
judged by modern physical and psychological stand¬ 
ards. One introduced by Wilhelm Ostwald (5, 20), 
a great physical chemist, finds many applications in 
the field of decoration. The standards developed by 
Robert Ridgway are preferred by biologists. There 
arc two apparent reasons for this preference: most 
of the colors needed by biologists are included, and 
most of the names assigned to the colors are satis¬ 
factorily descriptive according to everyday usage. 
Besides the frequent references to these standards in 
biological writings, there are also many uses in other 
fields which indicate their status. Dade (3) standard¬ 
izes Saccardo’s Latin Color Names (24) on a Ridg¬ 
way basis; Maerz and Paul (14) make many refer¬ 
ences to Ridgway names and give their color equiva¬ 
lents; and Wilson (26), in his color charts for horti¬ 
cultural use, gives Ridgway names for his chips when 
possible, as does Villalobos (25) in a recently pub¬ 
lished set of standards. 

Robert Ridgway (1850-1929) was curator of birds 
at the United States National Museum for over fifty 
years, and "was known and honored throughout the 
ornithological world,” to quote an obituary (27). 
While he was an active student of bird life for some 
seventy years, and writing on the subject much of 
that time, as the dates of his 540 papers indicate (0), 
his contributions to the science of color are note¬ 
worthy also, because of his paintings and two books 


on color standards. Very early in his life he started 
painting portraits of birds, and they had become so 
good by the time he was ten years old that his school¬ 
mates arc said to have paid as much as fifteen cents 
each for them (2). Besides being interested in good 
illustrations, he became involved in the problems of 
color description in the taxonomy of birds and ho saw 
the need for reference standards not only in omithol- 
ogy, but also in the whole field of biology. 

Ho attempted to satisfy this need by publishing in 
1886 A nomenclature of colors for naturalists (21), 
illustrated with 200 hand-stenciled chips, and supplied 
with a glossary of parallel color name equivalents in 
seven languages. He justified the publishing of the 
book by writing: “The want of a nomenclature of 
colors adapted particularly to the use of naturalists 
has been more or Jess of an obstacle to the study 
of Nature,” and he also elaborated on the fact that 
“popular and even technical natural history demands 
a nomenclature which shull fix a standard for the 
numerous hues, tints, and shades which are currently 
adopted, and form part of the language of descriptive 
natural history” (21). 

This book was welcomed by contemporary natural¬ 
ists and its standards ore still occasionally used, but 
Ridgway himself apparently realized its limitations, 
for he continued to work on color standards and de¬ 
voted all his spare time for twenty-five years (5) to 
their development and publication. He was en¬ 
couraged and helped toward this objective by others, 
two in particular: professionally and financially by 
his great friend, Don Jose Zeladdn, the famous Costa 
Rican ornithologist (23 ); und in the handling of de¬ 
tails of publication and checking by his wife, Julia 
Evelyn Perkins Ridgway. Color standards and color 
nomenclature , with its 1,115 named colors, was finally 
published early in 1913 under the date of 1912, and 
is still the color system most generally used by 
biologists. 

Ridgway set up his standards with the expectation 
that they would be exactly reproducible in the future, 
using methods and materials specified by P. Q. Nut¬ 
ting of the National Bureau of Standards, but these 
are not adequate according to present conceptions of 
color accuracy. In 1912, standards and methods for 
the physical specification of visual colors were not yet 
available. Since then, exact methods have become 
available, have been accepted on the international 
level (12), and now are coming into general use. It 
is unfortunate that Ridgway chose some pigments 
which fluoresce (fl) and are affected by humidity, by 
abrasion, by offsetting, and by hue shift (10). In ad¬ 
dition, his arrangement of colors is such that it is im¬ 
possible to specify exactly the colors falling between 
the 1,115 illustrated. This limitation is important, 
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for it is currently accepted that over ten million 
shades of color are discernible to the normal observer 
(12, 19). Despite these serious handicaps, the Ridg- 
way standards are still the favorite of biologists, and 
it is proposed to consider critically the advantages 
possessed by these standards and not by others. 

Ridgway, like Munsell and Ostwald, developed his 
system of color description after extended study of 
color phenomena and ideas. It would appear that 
there were three stages in its development: first, a 
period of observation and record, in which he con¬ 
sidered colors occurring in nature, pigments suitable 
for recording these colors, and names useful in de¬ 
scribing them; second, organizing the colors within 
the color solid so that the final colors of his system 
were systematically spaced, with much use of the Max¬ 
well color wheel; and third, reproducing the colors for 
publication. 

The colors are disposed within a color solid on a 
series of concentric cones that arc spread out on the 
chart as if they were cylinders. Around the mid- 
periphery of the outer cylinder are distributed the 3(1 
highly snturuted colors of his “pure spectrum scale.” 
Above each color are the three “tints,” obtained by 
systematic dilution with white, and below are the 
“shades” obtained by dilution with black. Thus there 
aro seven colors for each hue in the series. The first 
cylinder of colors lying within the outermost is known 
as the “prime one” (') series. The full colors on the 
mid-periphery of this cylinder arc derived from the 
full colors of the outer spectrum scries by dilution 
with a definite percentage of neutral gray, the tints 
by dilution with the same percentage of white as em¬ 
ployed in diluting the first series, and the shades in a 
similar manner by dilution with black. Four addi¬ 
tional series of colors, designated as prime two ("), 
three ('"), four ('"'), and five are derived like 

the prime one scries by addition of increasing amounts 
of neutral gray. For the central axis of his solid, 
Ridgway provided two serieB of grays, called Neutral 
Gray and Carbon Gray, to be used according to vary¬ 
ing conditions. 

As the system was planned, there should have been 
1,512 colors (36x7x6), but Ridgway reduced the 
number of hues in the series of low saturation, (the 
reduction being from 36 to 7 in the prime five series, 
for example) so that the total is only 1,115, consisting 
of 1,067 regular cobra, 42 extra colors, 14 grays, black, 
and white. 

These 1,115 colors were primarily found by using 
the Maxwell color wheel, and were duplicated hy 
painting. In making up the color chips for pub¬ 
lication, enough sheets of paper were painted of 
each color to provide for an edition of 5,000 copies 
(5), The work was done by A. Hoen and Company 


of Baltimore, initially under the immediate direction 
of Ridgway and his wife. While troubles and acci¬ 
dents hampered them from the beginning (9, 18), 
the original painted sheets were sufficient for most 
of the required chips. Though further editions were 
contemplated, only one was issued. Some confusion 
on this point has been caused by a letter written in 
1937 which has been interpreted rs meaning that a 
second edition had been published (75). It had ref¬ 
erence only to the completion of the edition. 

It has already been noted that Ridgway was very 
early interested in satisfactory names for colors. 
From 1885 until 1912 he devoted considerable time to 
choosing suitable names for his colors from those cur¬ 
rently used, and to modifying color names in simple 
ways to describe related colors. While “Isabella- 
colored” and “Invisible Green” occur in his nomen¬ 
clature, there are remarkably few names not sugges¬ 
tively descriptive. In general, the Ridgway names 
are so good that they have been adopted widely, and 
it is likely that these names will be applied for a long 
time to colors similar in appearance to those that he 
named. He provided, in addition to the names, a 
system of notation. This is not very generally used, 
but it is the only method for identifying the 4,559 in- 
between colors, recognized in the system but not pro¬ 
vided with names or chips. 

Biologists are sometimes asked by color workers 
why they prefer the Ridgway standards. This ques¬ 
tion has been answered by a mycologist: “I can find 
the colors I want there, other mycologists use the same 
standards, and the literature for years has employed 
Ridgway names ” Mass use by biologists is indicated 
by similar statements from other specialists, and also 
by the replies to the Canadian Questionnaire (15). 
It would thus seem probable that Ridgway standards 
would continue to be used for many years to come if 
they were permanent, and if new copies could be ob¬ 
tained, regardless of the scientific advantages of other 
methods of color description. 

Answers to the Canadian Questionnaire and many 
personal discussions have clearly indicated that other 
color systems have been considered and used. Many 
biologists have tried and have flatly rejected the Mun¬ 
sell book of color as unsuitable for biological work. 
In developing his key to Ridgway in terms of Munsell 
notations .(3) the author became interested in this 
point of view, which seems to bo caused primarily by 
the lack of matchable colors. After work on the key 
was finished the notations of the Ridgway colors were 
examined to see if there was a foundation for this 
opinion. Il was found that of the 1,057 regular Ridg¬ 
way colors, 454 are outside the range of the 40-hue 
Munsell book of color : 221 are higher in value and/or 
chroma; 130 found in 18 hues possess a lower chroma; 
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and 97 are marginal. The number of low chroma 
colors is noteworthy, for they are especially useful in 
ornithology, mammalogy, and mycology, The need 
for low chroma Munsell colors has now been recog¬ 
nized by publication of special colors for soil work. 

The future of the Ridgway standards and the Ridg¬ 
way appraisal of color needs. In summarizing the 
present status of the Ridgway standards and their 
place in future color description there are two main 
considerations. The first is that there is no means of 
reproducing the original colors exactly and it is pos¬ 
sible to give only approximate equivalents, as has been 
done in other systems and in the author's key now 
being published. The second is that experience has 
shown biologists generally are satisfied by the selec¬ 
tion of colors that Ridgway worked so long and suc¬ 
cessfully to fit to their needs. 

In view of these facts biologists might well consider 


the adoption of a comparably inclusive but permanent 
system of color description. While such a system 
might be entirely new, it could be much more readily 
developed, and would make available a very large 
body of information and post experience, if it were 
standardized primarily on the international basis pro¬ 
vided by I.C.I. Agreements of 1931 (11). It could 
be fitted into the Munsell color solid, so that there 
would be no need for an entirely new set of standards, 
but only ji aeries of specialized sets of color corre¬ 
sponding to those parts of the Ridgway colors that 
have been most widely used in the various special 
fields. If this were done at an early date, aid could 
be obtained from active users of Ridgway and it 
would not be necessary to depend upon records in the 
literature and a key, both of which have distinct limi¬ 
tations, chiefly because of actual physical changes in 
tho various copies of Ridgway standards. 
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TECHNICAL PAPERS 


The Genetic Effects of Low Intensity 
Irradiation 1 

Delta E. Uphoff and Curt Stern 

Radiation Laboratory and Department of Zoology, 
Untvertity of California , Berkeley 

It has been shown by Spencer and Stern (3) that ir¬ 
radiation by X-rnys at high intensity induces mutations 
in sperm of Drosophila melanogastcr at dosages as low 
as 00 r and 25 r, and that the proportionality between 
r dose and mutation frequency is maintained down to 
those low dosages. Earlier workers had established in¬ 
dependence of induced mutation frequency from the in¬ 
tensity of irradiation at high and medium dosngos. In 


hr to sperm which had been aged previously for 20 days 
in the spermathecae of females (4). In this experiment 
the intensity of irradiation was raised several times over 
that used by Raychaudhuri (£) who had found typical 
intensity independence of mutation rates. Any devia¬ 
tion from the effect of irradiation expected for 50 r at 
medium intensity would thus be due to a specific sensi¬ 
tivity or insensitivity of the aged sperm. The second 
possibility, interference by a time factor, was tested by 
increasing the intensity of irradiation, and the total dos¬ 
age, by a factor of 2, that is, by administering 100 r in¬ 
stead of about 50 r through continuous gamma irradia¬ 
tion over 21 days. The third possibility, chance, was 
checked by a repetition of the original experiment, that 
is, by giving once more 52.5 r in gamma rays over 21 


TABLE 1 


Mutation Rates for Sbx-linhkh Lkthals in Sthbu or Dro lophiln melanogastcr . aftkh Diffehknt Tvtks of Theatment 


Treatment 


50 r, 2.3 5 mlu ex¬ 
posure, not aged 
(Spencer and Stem) 

52.5 r,* 21 <laya T 
exposure, aged 
(Casparl and Sterut) 

50 r," 24 hr exposure 
after 20 days’ aging 

100 r, 21 days' ex¬ 
posure, aged . 

02.5 r,* 21 days' ex¬ 
posure, aged . 


Mutation rate percent 


No. of 
Controls 

No. of 

rxperlmcnlHlN 

Controls 

Experimentals 

Difference 

Rlxnlficance of 
difference 

X s P 

73,001 

31,500 

0.0074 

0.2440 

0.1400 

33.07 

< < 0.01 

50,252 

51,903 

0.2480 

0.2848 

0.0359 

1.31 

0,26 

44,001 

40,232 

0.1082 

0.2834 

0,1152 

13.31 

< <0.01 

22,058 

31,502 

0.2352 

0.4058 

0.2300 

10.23 

< <0.01 

ac.i&4 

29,424 

0.1765 

0.2542 

0,0777 

4.67 

0.03 


• Geometric errors lu the administration of the radiation are larger than the difference between the values of 52.5 and 

BO r. 

t The mutation rates obtained by Casparl and Stern have been adjusted to the slightly different scoring of Icthals used 
lu the Investigations reported In this paper. 


contrast to these findings, Caspari and Stern (1) obtained 
no significant difference in mutation rates between con¬ 
trols and experimentals, which had been subjected to a 
dose of 52.G r in gamma rays administered continuously 
for 21 days at a rate of 2.5 r per day. 

This unexpected result required further testa. After 
consideration of various factors the following were re¬ 
garded as possible causes for the apparent inactivity of 
Irradiation in the experiment by Caspari and Stern: (1) 
low sensitivity to irradiation of aged sperm, (2) de¬ 
pendence of Induced mutation frequency at low dosages 
on a time factor, and (9) errors of sampling which might 
have obscured a true difference between control and ex¬ 
perimental rates. The first possibility was studied by 
administering 50 r in gamma Tays continuously over 24 

1 The work described In this report was performed under 
the auspices of the Atomic Energy Commission. 


days. Parallel with each experiment, the spontaneous 
mutation rate was determined in a set of controls. 

The data, together with the earlier findings by Spencer 
and Stern (3) and Caspar! nnd Stern (1), are summar¬ 
ized in Table 1. It is seen that all three new tests gave 
an increased frequency of sex-linked mutations in the 
treated sperm as opposed to the controls. The experi¬ 
mental rate observed by Caspari and Stern is statistically 
in good agreement with later determinations. The con¬ 
trol rate of 0.2489% found by Caspar! and Stern is 
higher than any one of the later control rates. By itself 
a rate of 0.2439% for sperm aged over 21 days as com¬ 
pared to 0.0974% for sperm not aged (Table 1, line ]) 
seemed in line with the degree of increase - expected, ac¬ 
cording to the experience of other workers, after such 
aging. The new data on the control mutation rate in 
aged sperm suggest considerable variation of age accumu- 
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lation of mutations in the Canton Special stock on which 
all testa were carried out. 

A comparison of the differences in mutation frequen¬ 
cies between experimental and controls in the chronic 
experiments (lines 2-5) with the difference in the acute 
experiment (line 1) should take into account tho fact 
that the difference in the latter experiment is somewhat 
larger than expected on the basis of all of Spencer and 
Stern 'b data. The maximum likelihood calculation yields 
about 0.002% induced sex-linked mutations per r, which 
corresponds to an oxpectod difference for the acute 50-r 
experiment of only 0.1000%, Viewing all experiments 
together, it appears that irradiation at low dosages, ad¬ 
ministered at low intensity, induces mutations in Dro¬ 
sophila sperm. There is no threshhold below which radi¬ 
ation fails to induce mutations. A more detailed account 
of the work will be presented later. 
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An Electrical Logic Machine 

Benjamin Burack 

Department of Psychology, Roosevelt College, Chicago 

At the first annual open house meeting at Lewis Insti¬ 
tute in 1936, the writer demonstrated an electrical Logic 
Machine useful for detection and demonstration of fal¬ 
lacies in deductive reasoning. The machine is equipped 
to test all syllogisms (categorical, hypothetical, and dis¬ 
junctive), and both conversion and obversion. To facili¬ 
tate portability, the machine is mounted inside the top 
half of a sturdy suitcase, with the classified blocks (repre¬ 
senting propositions) resting in thin plywood compart¬ 
ments in the bottom half of the case. Total weight of 
the case, including machine and blocks, is 25 lb. 

In order to test a syllogism, it is only necessary to 
select tho blocks representing the major premise, minor 
premise, and conclusion, and place the blocks onto the 
three spaces provided on the panel of the machine. If 
the syllogism contains one or more fallacies, one or more 
light bulbs will light up. Each light bulb is identified 
by a printed name of a fallacy, as follows: 

1. Undistributed middle. 

2. Illicit major. 

3. Illicit minor. 

4. Two negative premises. 

5. Two particular premises. 

6. Affirmative conclusion from negativo premise. 

7. Universal conclusion from particular premise. 

For the hypothetical syllogism, there are light bulbs 
for "Denying the antecedent," "Affirming the conse¬ 
quent," and "Hypothetical non »equitur. ,r For the dis¬ 
junctive syllogism, there is a light bulb for "Disjunctive 
non aequttur,” There is one bulb for "False conver¬ 
sion," one for "False obversion," and a colored light 


bulb indicating that electrical current (battery or line) 
is established. 

The principle of operation is that of establishing metal 
contact areas on the backs of flat wooden blocks, to con¬ 
voy information concerning the proposition printed on the 
front of the block. For example, the block representing 
the proposition "Some M is not 8" (minor premise) 
has separate contact areas at selected positions on the 
back of the block, to represent the following items of 
information: 

1. The middle term (M) is undistributed (that is, it 
refers to a limited number of its class). 

2. Tho proposition is negative. 

3. The proposition is particular (rofcrH to "some"). 
Since, by definition, the conclusion of a syllogism repre¬ 
sents the minor term by the letter 8 (subject), and the 
major term by the letter F (predicate), there are four 
blocks representing possible conclusions: All 8 is P, No 
S is P, Some S is P, Some S is not P. Using M for 
the middle term, there are eight blocks for all the pos¬ 
sible combinations with P in the major premise, and 
eight blocks for the possible combinations with S in the 
minor /premise. Additional blocks provide for testing 
hypothetical syllogisms, disjunctive syllogisms, conver¬ 
sion, and obversion. 

Pairs of banana plugs in the panel receive items of 
information from the contact areas when the blocks are 
set onto the panel. Cortain combinations of propositions 
will close one or more electrical circuits wired from the 
panel to pilot light bulbs. There is a separate circuit 
for each possible fallacy. 

The panel is black hard rubber, 7 in. x 10$ in. x 3/10 in. 
To insure correspondence, a template was used to drill 
identically separated holes on both the panel and the 
wooden blocks, separated 5/16 in. horizontally, \ in. ver¬ 
tically. The banana plugs were inserted in the panel 
holes and secured with nuts behind the panel. The 
wiring is soldered to the back end of the plugs (behind 
the panel) and it leads to the pilot light sockets mounted 
on a vertical strip of black hard rubber. A white card 
next to the bulbs has a printed title for each kind of 
fallacy, indicated by the appropriate bulb. A knife 
switch permits use of either battery or line current; a 
transformer for line current is attached and wired be¬ 
hind tho panel, out of sight. Panel, light sockets, and 
knife switch are mounted on a pressed cardboard backing, 
17 in. x 14$ in. x $ in, The backing is mounted inside the 
top of a suitcase. 

The blocks are of hard wood, 6$ in. x 2} in. x } in. The 
contact areas consist of a pair of adjacent jacks soldered 
at their point of adjacency. The holes were drilled in the 
wood through the same template used for the panel, and 
were then widened to 3/16 in.; depth was 4 in. Then the 
blocks were sandpapered until they were smooth and easy 
to handle. The jacks were made from brass tubing, $ in. 
OP, 5/32 in. ID, cut into } in. lengths. One end of the 
jacks was trimmed down, to facilitate entry into the 
blocks. After each pair of jacks was hammered in, flush 
with surface, a narrow hole was drilled between the two 
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jacks, solder was inserted, and the jacks were counter¬ 
sunk after the solder hardened, Now the blocks could be 
set onto the banana plugs on the panel and would close 
certain parts of the circuits involved. 

Earlier machines by Stanhope (tf, X), Jevons (S, 4), 
Venn (9), Mnrquand (ff), Pastore (7), and Macaulay 
( 5 ) generally indicated the conclusions derivable from 
given premises. None could identify the fallacy in de¬ 
ductive thinking. However, in an article written in .1935 
on the mechanical nature of problem solving, Hull (£) 
mentioned that he once constructed a " simple mechanism 
of sliding disk-segments of shect-motal which will solve 
automatically, i.c., exhibit the conclusions logically flow¬ 
ing from all of the known syllogisms and which will auto¬ 
matically detect all of the formal fallacies ..." but 
that ‘ *. . . a description has not yet been published." 

The logic, machine described by the present writer is an 
electrical device which identifies the formal fallacy (or 
fallacies) in an invalid syllogism of the categorical, 
hypothetical, or disjunctive typos, or in conversion and 
obversion. It hns been used successfully in logic classes 
and evokes sharp student interest. As with all such 
machines, its obvious limitation is that the "argument" 
must first be put into logical form by a human being. 
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The Application of Soybean Inhibitor 
in Tissue Cultivation 

Albert Fischer 

The Biological Institute of the Carlsberg foundation, 
Copenhagen 

It ia well known that certain types of tissue colls 
liquefy clots of homologous plasma, thus making their 
permanent cultivation impossible. Carrel and Ebeling 
(I) attempted unsuccessfully to prevent such liquefac¬ 
tion by adding traces of unsaturated fatty acids, egg yolk 
and other substances to the medium. The present author 
(4) cultivated permanent strains of the Rous sarcoma 
cells in vitro for many years by putting a small piece of 
boiled muscle tissue beside the tumor tissue. The dead 
muscle tissue served as a kind of solid substrate which 


was invaded by the sarcoma cells and thus it made pos¬ 
sible the transfer of the cells from medium to medium. 
This method of course did not allow quantitative estima¬ 
tions of the rato of growth characteristic for the tumor 
cells. Later we found that sarcoma cells grow readily on 
certain heterologous media without liquefaction of the 
medium, probably because the chicken cells are unable 



to activate the proteolytic enzymes in the heterologous 
plasma (J). 

In thiB paper a method will be described for the 
cultivation of Rous sarcoma cells on clots of homologous 
plasma in which it was found that liquefaction could be 
prevented by an addition of the soybean inhibitor first 
isolated by Kunitz (4). In this manner it was possible 
to measure the rate of growth of the Rous chicken tumor 
cells in homologous plasma medium. The growth-retard¬ 
ing effect of soybean inhibitor on the growth of myo¬ 
blasts will likewise be described and discussed. 

The plasma medium in Carrel flasks was made up as 
follows: Solid phase —0.5 ml chick plasma, 1.0 ml 
Tyrodo's solution, and 0.2 ml of a 0.35% solution of 
trypsin inhibitor; this was coagulated by adding 1 drop 
of embryo juice. Fluid phase —0.4 ml mixture of equal 
volumes of chick serum and Tyrode's solution, and 0.2 
ml embryo extract. 

Liquefaction of the medium was found to bo com¬ 
pletely prevented. Fig. 1 demonstrates the regular 
growth of the Rous sarcoma cells when cultivated in the 
presence of the inhibitor. The growth Tate of the cells 
under the conditions of this experiment could now be 
accurately measured and was found to be relatively low. 
It therefore seems that the soybean inhibitor slows down 
the growth rate of the tumor cells. 

Further it was found that the inhibitor prolongs the 
coagulation time of the plasma used, In those of our 
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experiments in which the inhibitor was added to the 
blood plasma and not to be supernatant fluid of the flash 
cultures the coagulation of the plasma was found to be 
considerably delayed or completely prevented, oven when 
large amounts of embryo juice was added. These facts 
suggest that the inhibitor acts on the system involved 
in the coagulation of the blood plasuiA as well as on 
the proteolytic enzymes of the surface of the cells, the 
desmo-enzymes. 

Recently Overman and Wright (5) have observed that 
the trypsin inhibitor decreases the thromboplastic activity 
of the blood. The study of the effect of the soybean 
inhibitor on the growth of the cells must therefore be 
limiLed to such concentrations of inhibitor ns will still 
allow coagulation of the plasma medium to take place. 
When the inhibitor, instead of being added to the plasma 
directly, is introduced into the supernatant fluid of the 
culture medium, the growth-inhibiting effect is relatively 
less pronounced. 

The figures below illustrate the relative growth inhibi¬ 
tion of fibroblasts as a function of increasing amounts 
of a rather dilute solution of the inhibitor which has been 
introduced into the plasma medium before clotting: 


malignant colls indefinitely and to make quantitative 
estimations of the rate of their growth. It will also be 
possible now, we believe, to study differentiation phe¬ 
nomena in vitro by means of suppressing the growth of 
the cells and slowing down their migration rate. 

We are grateful to Professor Kunitz for supplying 
the crystalline trypsin inhibitor, and to the International 
Cancer Foundation, which provided financial support. 
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Occurrence of Vitamin B c Conjugate 
in Human Plasma 

R. Wolff, L. Drouet, and R. Karlin 

Laboratoire de Cbfamle Biologtque , 

Farulte de M edecime, Nancy, France 


0.17% inhibitor solution 

0.1 ml . 

0.2 “ . 

0.3 “ . 

0.30% inhibitor 
0.2 ml . 

Thus when more than 0.3 ml of a 0.17% solution of 
the inhibitor is added to the plasma clot, no further sup¬ 
pression of the growth takes place. This seems to indi¬ 
cate that the proteolytic enzymes arc completely inhibited 
by that concentration. 

The following results show the effect of a 0.7% in¬ 
hibitor added to the fluid phase of the culture medium: 

0.7% inhibitor solution Q = — ^ on | ;ro ^ — 

experiment 


0.25 ml . 


1.44 

0.30 " .. 


1.20 

0.35 •* .. 


1.18 


To establish a cerlain degree of growth inhibition of 
tissue cells in a Carrel flask the concentration of in¬ 
hibitor has to be four times that necessary to obtain 
the same degree of inhibition when the inhibitor Is intro¬ 
duced in the solid phase of the plasma clot, 

Two main facts have been observed in this investiga¬ 
tion. The soybean inhibitor has been shown to be an 
important tool in the tissue cultivation technique. An 
addition of small amounts of inhibitor to the plasma 
medium stabilizes the clot and makes it possible to culti¬ 
vate on homologous media tissues with strong inherent 
proteolytic activity. Thus it is now possible to cultivate 

1 The tissue area Increase Is measured by means of a 
plunlmeter and expressed In square centimeters, the area 
being projected with the aid of an Rdlnger projector enlarg¬ 
ing 20 times. Q Is a measure for the Inhibiting effect. 


Q = 


Control 

experiment 1 

1.01 

1,43 

2.24 


2.22 


The occurrence in yeast extract of an antianemic prin¬ 
ciple, different from pteroylglutumic acid, but releasing 
that substance after acid or enzymatic hydrolysis, was 
first demonstrated by Binkley, et al , ( 1 ). Pflffner ( g ) 
isolated this compound and named it temporarily vitamin 
B„ conjugate. 

In 1947 Bchweigort and Pearson (5) studied the folic 
acid content of blood plasma and corpuscles in Mammalia 
and fowl, before and after treatment with an enzyme, 
takadinstase, releasing folic acid from its microbiologic- 
ally inactive forms. They could find only minute amounts 


TABLE 1 

Folic Ann Released after 2-hr Incubation at 87° C op 
a Mixture of IIuman Plasma and Tahadiastahe* 


riaBTiia 

ml 

TahadhiBtaBC 

mg 

Bn released 
mpg 

0,5 

20 

26 

0.5 

20 (boiled) 

26 

0.6 (boiled) 

20 

2 

none 

20 

1.6 

0.5 

none 

0 


* Microbiological determination with Str. faecalia. 


of free folic acid, but it seemed from their experiments 
that vitamin B P conjugate was present in significant 
amounts. 

A careful study of the interaction between takadiastase 
and plasma, both in the native state and after boiling for 
10 min, has led to opposite results (4). The plasma is 
deprived of B c conjugate, but it contains a thermo!abile 
enzyme, which releases folic acid from a conjugate. The 
role of takadiastase in this interaction is that of a sub¬ 
strate containing vitamin B e conjugate in significant 
amounts. Folic acid is set free, see Table 1, after inou- 
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bation with plasma for 2 hr at 37° C, 1 the pH of the 
digestion mixture being 4.5. 

Striking results were obtained with a crude extract of 
baker's yeast (containing 3.7 ^g B„ per cc in conjugated 
form) from which 0.2 cc plasma liberated 0.7 ^g folic 
acid in 1 hr at 37° C. 

Additional evidence of the enzymatic role of plasma is 
offered by the use, as substrate, of pure crystalline vita¬ 
min conjugate, 1 which gives identical results. 



Fiu. 1. Liberation of folic acid nfter various Incubation 
periods at 37° C of 0.5 ec yeast extract + human plus mu + 5 
cc sodium acetate ni/10 at pH 4.5 + water (total volume « 10 
cc). 

Tlie D c release as a function of plasma concentration 
for a constant time of incubation is represented in Fig. 
1. There appears to be a linear relationship for plasma 
concentrations, ranging from 0.05 cc to 0.15 cc. 

The study of human plasma conjugase activity in nor- 
mal and pathological conditions has given the following 
results: under standard conditions, viz., with incubation 
at 37° C and pH 4.5, a mixture of 0.15 cc heparinized 
plasma and 0.5 cc yeast extract made up to a volume of 
10 cc, liberated 0.5 jig to 1.5 p.g folic acid per cc plasma 
in 00 min, with a maximum frequency of 0.8 jug to 1.0 HB- 
No significant variation of conjugase activity could be 
detected in pernicious anemia or in other pathological 
conditions, with the exception of asystolic patients, where 
the amount of conjugase per cc plasma was sometimes 
considerably decreased and attained values of 0.2 pg to 
0.7 pg folic acid. 
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The Effects of Choline and Methionine on 
Phospholipide Formation in Patients 
with Liver Disease as Measured 
by Radioactive Phosphorus 1 

David Cuyer, and W. £. Cornatzer 2 

Department of Internal Medicine and Department of 
Biochemistry^ Bowman Gray School of Medicine 
of Wake Forest College and North Carolina 
Baptist Hospital, W tnt ton-Salem 

In the past ten years the importance of nutritional 
factors in the pathogenesis and prophylaxis of experi¬ 
mentally induced cirrhosis in animals has resulted in a 
modification of the therapeutic regime in human patients. 
Of special interest lias been the use of a diet high in 
protein and the administration of vitamin supplements, 
liver oxtracts, and lipotropic factors, such os methionine 
mid choline. The efficacy of the above regimen is re¬ 
flected in the lower mortality figures now being reported 
in the treatment of advanced instances of cirrhosis (3). 
In general this improvement is ascribed in part to a re¬ 
generative action on the liver tissue and in part to the 
lipotropic action of methionine and choline, resulting in 
the removal of the fat accumulated in the liver. The 
latter effect lias been interpreted as being due to an in 
creased formation of phospholipides. 

In experimental animals with dietary fatty liver it has 
been shown, by the use of radioactive phosphorus as an 
indicator, that the administration of choline (£) or me¬ 
thionine (fi) causes an increase in the rate of the syn¬ 
thesis of phospholipideB in the liver. Since the plasma 
phospholipides are synthesized almost entirely in the liver 
(J), it seems that changes in the rate of formation of 
liver phospholipides would be reflected by corresponding 
changes in the amounts of newly formed phospholipides 
in the plasma. Indeed, in dogs on a diet low in protein 
and high in fat (7) a stimulatory effect by choline on the 
turnover of phospholipides in plasma has been observed. 

We now have in progress a systematic study of the 
turnover of plasma phospholipides in normal human 
beings and in patients with various diseases. Some pre¬ 
liminary findings have been reported in a summarized 
form (4) and more exteusive data will be published else¬ 
where. We are here reporting only some results obtained 
in two cirrhotic patients who exhibited a marked response 
to a single large doBe of methionine or choline. These 
results suggest certain possibilities which might be of 
considerable interest in the interpretation and treatment 
of this disease. , . 

One 31-year-old white male (O.A.) and one 36-year-old 

1 Supported In part by a grant from the U. 8. Public 
Health Service. The P* htied In these experiments was 
obtained from the National Laboratories, Oak Ridge. Ten¬ 
nessee on allocation from the U. 8. Atomic Bnergy Commis¬ 
sion. 

■ We wish to acknowledge the helpful suggestions and con¬ 
structive criticism of Dr. Camlllo Artom and the technical 
assistance of Dr. Benjamin Vats and Mr. Jesse C. Trott, Jf. 
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white female (N.M.H.) having clinical evidence of ad¬ 
vanced portal cirrhosis were studied. At the time of 
admission, both were jaundiced and had demonstrable 
aBcltes, edema, and hepatic enlargement. Both gave a 
history of marked alcoholism. Definite impairment of 
liver function was found, as demonstrated by determina¬ 
tions of total serum proteins, albumin and globulin, vita¬ 
min A levels and by various tests, such ns bromsulphalein, 

TABLE 1 

Effect or Litotiioi'ic Aoknth on Specific Activity 

OF PliABMA PHOKFHOI.IFIbEH 

Plasma phospholipldes 


Patient Treatim'iil Time 
Id 
hr 


O.A. Injection 
of 
pm H 

choline 

orally 

P“ 


P a + 1)B 
choline 
Orally 


N.M.H. P“ + 0* 

methionine 

I.V. 

P" 3 


r M + iok 
methionine 
I.V. 


Radio¬ 

activity 

per 

3 00 ce* 

r.r.u. 


0 .... 

24 1.7B5 

48 3.740 

0 

24 0.450 

48 0.766 

84 1.358 

0 

24 0.710 

48 1.012 


0 


24 

a .810 

0 


24 

0.531 

48 

1.270 

72 

1.770 

0 


24 

0.712 

48 

1.334 

72 

1.700 


Mg 

phoH- 

phoriiH 

per 

100 cc| 

Specific 
activity t 
x 100 

11.70 


11.16 

le.o 

10.25 

17.0 

7.96 


6.90 

0.4 

6.23 

12.3 

8.02 

15.1 

11.25 


31.72 

fl.l 

11.30 

8.9 


11.84 

11.10 

34.3 

0.01 


6.41 

8.3 

7.60 

10.7 

0.40 

18.B 

5.11 


6.70 

10.8 

B.2B 

16.1 

0.08 

17.5 


•Expressed in relative radioactivity units (r.r.u.), the 
total dose injected being euual to 10‘ r.r.u. 

t Prom the JJpldc P tho total plasma phospboiipide can be 
Calculated (mg of r*22.7). 

X The specific activity Is the ratio of the radioactivity (In 
r.r.u.) to the phosphorus (in mg) in the llplde extracts. 


gaJactosc tolerance, and hippuric acid excretion. In both 
instances, needle aspiration biopsy of the liver showed 
cirrhosis and fatty infiltration. 

The patients were given an intramuscular injection 
of radiophosphorus in the form of Na*HP0 4 (0,5 me). 
Blood samples were taken routinely at 0, 24, 48, and 72 
(or 96) hr. The plasma was separated and the lipids, 
extracted with hot alcohol, alcohol-ether, and chloroform. 
On aliquots of the chloroform solution, the radioactivity 
(1, g) and the phosphorus (6) were determined. At the 
time of the first injection of the radiophosphorus, the 
patients were given a single large dose of methionine (6 
g intravenously to patient N.M.H.), and choline chloride 
(9 g orally to patient O.A.). After several months of 
treatment with methionine (1 g three times per day), the 


patients were reinjected with radiophosphorus (without 
simultaneous administration of the lipotropic agents) and 
the determinations wore repeated on the plasma lipids. 
Two months later, a third experiment was made, in which 



Fia. 1. Phospholiplde turnover in n 31 'year-old mini with 
cirrhosis. 

the effect of a single large dose of the substances was 
again Btudicd, as in the first experiment. 

The results are shown in FigB. ] and 2 and Table 1. 
In the two cirrhotic patients previously untreated, the 
specific activity values of the plasma lipids following the 



TlMEllN HOUR SI 

Fig. 2. Phospholiplde turnover in a 38-yeaT-oM woman 
with cirrhosis. 

initial large dose of methionine or choline were consider¬ 
ably higher than the corresponding values found in the 
same patients in later periods, with or without adminis¬ 
tration of the massive dose of lipotropic substances. It 
seems logical to conclude that in these patients the initial 
large dose of the lipotropic substances actually caused a 
marked increase In the rate of phospholiplde turnover 
and that such an increase was no longer obtainable after 
prolonged therapy with methionine. This last finding is 
In keeping with similar results we have obtained in a 
number of other patients who were also treated with 
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methionine over a long" period of time (y). In animals 
on choline-deficient diets, the administration of choline 
caused a marked stimulation of the turnover of liver and 
plasma phospholipides; this effect is smaller or undetect¬ 
able in animals maintained ou adequate diets. In other 
words, in experimental animals the stimulating action of 
a large dose is only evident when the supply of choline 
or choline precursor is insufficient. 

These observations suggest a tentative interpretation 
of our present findings on human patients. One might 
postulate that a definito incronse in the pliospholipido 
turnover after the administration of a single large dose 
of choline or methionine reflects a condition of relative 
deficiency in lipotropic agents. This hypothesis deserves 
further investigation and we are continuing our study in 
order to arrive at a more definite conclusion. 

In certain instances of ehTonic hepatitis, the use of 
lipotropic factors is thought to be of therapeutic value. 
This beneficial effect is attributed largely to a stimula¬ 
tory action on the formation of phospholipides. An in¬ 
crease in the turnover of phospholipide in plasma was 
noted in two patients with portal cirrhosis who received 
a large dose of choline or methionine. This effect was 
no longer demonstrable after prolonged treatment with 
lipotropic agenLs, although the patients exhibited clinical 
and laboratory evidence of marked improvement. 

It is suggested that the stimulation of phospholipide 
turnover caused by a single large dose of choline or me¬ 
thionine may Indicate a deficiency of lipotropic material, 
and thus provide an estimate of the anticipated response 
to the treatment of cirrhosis with lipotropic substances. 
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Evidence for the Conversion of 1 Carbon 
Monoxide to Carbon Dioxide 
by the Intact Animal 

Robert T. Clark 1 , J. Nowell SUanird, end 
Wallace O. Fonn 

Department of Physiology and Vital Economics end 
Department of Radiation Biology, 

University of Rochester School of Medicine and Dentistry , 
Rochester, New York 

Conversion of OO to OO, by animal tissues was sug¬ 
gested and to some extent demonstrated by Fenn and 
Cobb ( 5 ) to account for the marked increases In gas 
1 Now nt Abilene Christian College, Abilene, Texas. 


consumption observed when isolated tissues, particularly 
muscle, were exposed to an atmosphere containing about 
80% CO in oxygen. The phenomenon was confirmed 
by Schmitt and Scott (9) and shown to be superim- 

TABLE 1 

Disappearance ok CO from Clobko Chamber (60 Liters) 
WITH ANO WITHOUT TURTLES* 

Total Initial Amount consumed CO 
_ . weight CO 

Exp. Timet of concen . With Con- Differ- con- 

turtle). tration turtleB tro1 e,,re "" n "" 1 



days 

g 

% 

ml 

ml 

ml 

% 

1 

8 

2080 

0.023 

9.92 

0.00 

6.92 

41 

2 

7 

4B26 

0.020 

7.71 

1.20 

6.51 

52 

3 

13 

4880 

0.038 

12.08 

2.68 

0.35 

48 

4 

11 

4662 

0.047 

14.86 

1,08 

ia.78 

4U 

5 

10 

2040 

0.07B 

13.30 

0.00 

la.ao 

30 


* Gttsometrle experiments, values expressed at ST1 1 . 

t Number reTers to duration of each period, control and 
experimental. 

posed ou inhibition of the cytochrome-cytochrome oxidase 
system by Btannurd (10)- The ability of an intact ani¬ 
mal to accomplish this conversion, however, Iirh nover 
been demonstrated. In fact, there have been numerous 
arguments against the presence of such a phenomenon 
(6, 7), the most recent of which ie found in the results 
of Tobias et al. (1.1), in which radioactive carbon (as 
C Il O) was employed. They found that less than 0.1% 
of the CO lost from the blood could be recovered as 
C ll Oj in the expired air. 

With the availability of C 1 ' and recent refinements in 
methods for the determination of very small amounts of 
CO, it was considered of interest to repeat the experi¬ 
ments done in this laboratory with isolated tissue and 
to extend them to the Intact animal. The results with 
isolated tissue have been reported elsewhere (J, 4). Suf¬ 
fice it to Bay that the oxidation of CO to CO. by skeletal 
and cardiac muscle observed earlier by indirect gnso- 
metric and volumetric procedures was quantitatively re¬ 
produced in direct experiments measuring conversion of 
C^O to C ,4 0.. 

In the experiments with intact animals reported here, 
two methods were applied: (a) gasometiio measurement 
of the CO disappearing from a closed chamber, using a 
modification of the extremely sensitive Houghton-Root 
technique ( 8) f and (b) collection of the expired CO B 
from animals residing In an atmosphere containing CO, 
some of which was the radioactive 0*0, and measurement 
of radioactivity by the method of Bale, st al . (I). 

Table 1 shows the amount of CO lost, measured by the 
gasometric method, in five experiments with turtles. Ex¬ 
pired CO a was collected in- soda lime placed within the 
chamber, and oxygen was added automatically as needed 
from a small^ spirometer through a check-valve system. 
Any CO removed for sampling was replaced by introduc¬ 
tion of an equal amount from a syringe. Samples were 
taken initially, afteT an equilibration period of 10-12 hr 
and then either daily or at the end qf the test period. 
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It is clear that the amount of CO lost when the animals 
are present is large compared with that disappearing 
when only soda lime, food, accumulated feces and urine, 
etc. nro present. It is also largo compared with the 
amounts required to saturate blood and tissues nt the CO 
tensions employed. The elapsed times are far greater 
than those necessary for equilibration of the gas with 
blood, tissues, and soda lime, Furthermore, samples 
taken at daily intervals indicated a more or less constant 


TABLE 2 

DISAPPEARANCE OK CO FROM CLOSED CII AMDEH (12. J LlTKKH) 
WITH AND WITHOUT Ml OK* 


Time 

Total 

weight 

of 

mice 

Inltlnt 

CO 

concen¬ 

tration 

Amount 
consumed 
With Con- 

mlce trol 

Rate 

of 

loss 

days 

e 

% 

ml 

ml 

mmVg/hr 

4 

248 

0.071 

4.40 

0.13 

0.20 

4 

264 

0.089 

8.10 

0.84 

0.28 


■ (insometric experiment, values expressed at STF. 

rate of disappearance (i.e., the CO does not all disap¬ 
pear during the equilibration period). 

A similar experiment with mice is shown in Table 2. 
The initial concentrations were somewhat higher than in 
the experiments with turtles, but these represent only a 
moderately toxic level for mice. The CO concentration 
was determined initially, after an equilibration period of 
10-12 hr, and again at the end of the experiment. The 
control period duplicated the experimental except i'.■ • the 
absence of the animals. The data indicate disapp 'p ^ncc 
of CO at a rate approximating 0.24 mm a /g body wt/hr. 

The C“-labeled CO was prepared by release of CO a 
from RaCO s having a specific activity of 384 pc per g 
of carbon. This CO a was reduced to CO after the method 
of Bernstein and Taylor (£). The conversion was prac¬ 
tically quantitative, and this CO was used to prepare 
the mixture in the exposure chamber. The apparatus 
and conditions were otherwise similar to those in the 
gasometric experiment, Radioactive measurements were 
made with the COf in gaseous form (I), 

The results of the two experiments using mice are sum¬ 
marized in Table 3. While small amounts of radioac¬ 
tivity appeared in the alkali in the Absence of the mice, 
due probably to solution of CO plus conversion to for¬ 
mate, it is obvious that t(ie amounts of C 14 appearing ns 
C 14 O z are many orders of magnitude higher in the pres¬ 
ence of the animals. The phenomenon is clear, and the 
rate of CO oxidation calculated from isotope experiments 
agrees remarkably well with that obtained earlier by the 
gasometric procedure. While the specific activities in 
the collected CO a are low compared to the original CO, 
actually for each gram of carbon present as CO in the 
chamber, 22.3% and 19.3% respectively were converted 
to CO fl in the two experiments. 

The CO oxidation rate by the intact mouse is about 
10 times that expected from a linear extrapolation of 
the rates obtained with isolated frog muscle at S0% CO 


to those expected at 0.07% CO. Allowing for the tem¬ 
perature difference (from 25° to 38° 0), this indicates 
that mammalian muscle in the body effects this conver¬ 
sion at rates roughly equivalent to those expected from 
earlier work on isolated tissue. If applied to man, this 
rate would predict oxidation of CO at approximately 20 
ml/hr if air containing 0.07% OO is breathed. It should 


TABLE 3 

Conversion ok CO to CO a by Mite* 



Total 

In 11 Ini 

Activity meusuremenls 

Kate 

Time 

weight 

CO 

of C 14 O a collected 

oT 

of 

concen¬ 

With mice 

Con¬ 

con¬ 


mice 

tral Inn 

trol 

version 




specific 



days 

E 

% 

d/raln activity 
x10 s pc/g 

d/nil n 

x 10 ;1 

nmiVg/hr 




curbon 



2.67 

57 

0.07 

4501 0.06 

0.03 

0.28 

2.00 

47 

0.07 

300 0.0B2 

2.54 

0.20 


* Experiment with rndloaetlve carbon monoxide (C u O). 
t That Is, 459,000 disintegrations per minute. 


lie stated, however, that, if the rate observed by ub in 
mice actually occurs in man, it should have been ob¬ 
servable by the technique used by Tobias et al. (11). 
However, if the conversion is slow to start, the short 
times involved in their experiments might have prevented 
observation of the phenomenon. 

The possible significance of these findings will be dis¬ 
cussed in a more complete paper. Obviously, the mech¬ 
anism of this reaction in tissues and its apparent limita¬ 
tion to muscle presents an interesting biochemical 
problem.® 
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Comments and Communications 


Color Standards for Biologists 

There is a movement on foot to prepare a modern 
color chart, adequately standardized, and comprehensive 
enough to meet the requirements of all biologists, horti¬ 
culturists, and technical agriculturists. 

The subject was discussed last autumn by a group of 
biologists at the University of Toronto, who asked the 
National Research Council of Canada to sot up a special 
committee to find out what Canadian biologists thought 
about color standards. The committee mot on December 
15, 1948, and drafted a questionnaire, which was later 
sent out to approximately 200 biologists and workers in 
related fields, mostly in Canndn, but also a few in the 
United States, England, and France. One hundred and 
forty-one replies were received, a proportion which in 
itself demonstrates a lively interest in the subject. 

The answers showed that Ridgway is the chart most 
familiar to the biologists and most used by them, fol¬ 
lowed by the Royal Horticultural Society's charts, and 
the Munsell Book of Color, in that order. The committee 
was not at all surprised at this result. 

The question whether the worker would use a standard 
chart if it were available was answered in the negative 
by only 14 workers, mostly in the fields where color is not 
a major problem. As to the desirable form for such a 
publication, there was naturally a gTeat diversity of opin¬ 
ion, reflecting the special interests of those who replied. 
A very large range of colors would undoubtedly be 
required, and in the interests of economy some loose-louf 
or similar method of presentation would be essential, so 
that onch worker might purchase only the range of colors 


useful in liis specialty. A format suitable for Aeld use 
was generally desired. There was almost unanimous 
agreement that each color must have a name, and so it 
appears that the numerical specification of color, familial 
to physicists, is not yet acceptable to biological workers. 
The committee found it interesting to speculate on what 
the present state of descriptive biology might be, if the 
T.C.I. colorimetric system had been available to Linnaeus. 

The final question referred to the permanence of color 
charts. Of those who answered, 35 were sure that their 
charts were changing significantly with the passage of 
time, 17 thought that they were not, and 8 were doubtful. 

Discussing all these replies, the committee felt the 
results of this small survey showed clearly that many 
biologists are interested in a color standard prepared 
especially for their use. One excellent reason for the 
preparation of such a standard woe suggested in one of 
the replies, which referred to the Plant Patents Act and 
the desirability of having some standard color reference 
for legal purposes. 

A report on this questionnaire was presented to the 
Inter-Society Color Council at its New York meeting 
on March 9. The matter was referred to the Problems 
Committee of the I.S.C.C. for furthor study. Several 
members expressed the hope that some national organiza¬ 
tion of biologists would apply for membership in the 
T.B.C.C. and take an active interest in the project. 

W. E. K. Middleton 

Division of Physics, 

National Eesearch Council, 

Ottawa , Canada 


Scientific Book Register 

Andronow, A. A., and Chaikin, C. E. (Solomon Lefs- 
cheU, Ed.) Theory of oscillations. Princeton, N. J.: 
Princeton Univ. Press, 1940. Pp. ix+ 358. (Illus¬ 
trated.) $6.00. 

Beyer, Robert T. (Ed.). Foundations of nuclear phys¬ 
ios: facsimiles of thirteen original studies , New York 
19, N. Y.: Dover Publ., 1940. Pp. 272. (Illustrated,) 
$2.95. 

Cameron, Edward A., and Browne, Edward T. College 
algebra. New York: Henry Holt, 1949. Pp. iii + 406. 
$ 8 . 00 . 

Carter, Herbert E. (Ed.) Biochemical preparations. 
(Yol. 1.) New York: John Wiley; London: Chapman 
ft Hall, 1949. Pp. xi + 70. $2.50. 

Case, Earl O., and Beads mark, Daniel R, College 
geography, (3rd ed.) New York: John Wiley, 1049. 
Pp. x + 790. (Illustrated.) $5.00. 


IIoddes, Margaret B. (Ed.) work year hook 

194B: a description of organised activities in social 
work and in related fields. (10th issue.) New York: 
Russell Sage Foundation, 1049. Pp. 714. $4.50. 

Lefschrtz, Solomon. Introduction to topology. Prince¬ 
ton, N. J. : Princeton Univ. Press, 1949. Pp. viii + 21B. 
(Illustrated.) $4.00. 

Milne, E. A. Kinematic relativity: a sequel to rela- 
tivity , gravitation and world structure. New York: 
Oxford Univ. Press; Oxford, Eng].: Clarendon Press, 
1948. Pp. vi + 238. $0.50. 

Pace, Eduardo. Le vitaminc; la ohimica r la teonioa 
farmaceutica , rasione hiologica , i metodi di ostraeione 
e di sintesi. Milan, It^Jy: Ulrieo Hoepli, 1049. Pp. 
xii + 422. (Illustrated.) 2,000 lire. 

RosSELAND, SveIN. The pulsation theory of 'variable 
stars . Ne\v York: Oxford Univ. Press, 1049. Pp. 

viii + 152. (Illustrated.) $5.00. 

Sisam, Charles H. Analytio geometry. (Rev. ed.) 
New York: Henry’Holt, 1940. Pp. xvU304. $2.40. 
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NEJVS 
and Notes 

The Tuterstate and Foreign Com 
mereo Committee of the House of 
Representatives endorsed the Na¬ 
tional Science Foundation bill, 
H. R. 4846, on June 13 and recom¬ 
mended Its passage by the House of 
Representatives. Scientists inter¬ 
ested In the establishment of the 
Foundation can now inform their 
Representatives thut they too recom¬ 
mend the passage of H. R. 4fl46. 

The American Medical Association 
has appointed five medical educators 
as its representatives at congres 
gionul committee hearings in Wash¬ 
ington on national health insurance 
legislation. They are: Creighton 
Barker, Yale Medical School; Don¬ 
ald Grigg Anderson, dean of the 
Boston University School of Medi¬ 
cine; William Harvey Perkins, 
dean of Jefferson Medical College, 
Philadelphia; William Shainline 
Middleton, dean of the University of 
Wisconsin's Medical School; Her¬ 
man G. Weiskotten, dean of the 
College of Medicine, Syracuse Uni¬ 
versity. 

Paul E. Klopsteg, director of re 
search at Northwestern University 
Technological Institute, has been 
elected chairman of the board of 
governors of the Argonne National 
Laboratory; Warren Johnson, 
cUairin an of th e Department of 
Chemistry at the University of Chi¬ 
cago, was elected vice chairman. 

Selig Brodetsky, formerly profes¬ 
sor of mathematics at Leeds Uni¬ 
versity, England, has been appointed 
president of the Hebrew University, 
Jerusalem. Dr. Brodetsky succeeds 
the lato Judah Magnei. 

Eugene W. Scott, assistant execu¬ 
tive secretary of the Research and 
Development Board of the National 
Military Establishment, has been ap¬ 
pointed executive secretary of the 
Interdepartmental Committee on Scj- 
entifle Research and Development. 


George Herman Wise has been 
appointed head of the Nutrition Sec¬ 
tion of the Department of Animal 
Industry at North Carolina State 
College. 

Harold M. Skeels has joined the 
staff of the National Institute of 
Mental Health, U. S, Public Health 
Service. Dr. Skecls lias been as¬ 
signed to the Community Services 
Branch of the institute for duty as 
mental hoalth consultant in clinical 
psychology in San Francisco. 

Visitors to U. S. 

Fritz Feigl, analytical chemist 
with the Laboratory of Mineral 
Products of the Brazilian Ministry 
of Agriculture, Rio de Janeiro, will 
take part in the Second Annual Ana¬ 
lytical Symposium sponsored by the 
American Chemical Society's Divi¬ 
sion of Analytical and Microchemis- 
try and the society 'a publication 
Analytical Chemistry, to take place 
at Wesleyan University, Middletown, 
Connecticut, on June 24-25. His 
subject will be “The Role oP Organic 
Reagents in the Chemistry of Speci¬ 
fic, Selective, and Sensitive Reac¬ 
tions. ' 1 

Visitors at the National Bureau of 
Standards during the week of May 
23-27 included C. B. Amphlett, of 
the Atomic Energy Research Estab¬ 
lishment, Harwell, England; H. A. 
Wills, of the Australian Common¬ 
wealth Department of Supply and 
Development, Division of Aeronau¬ 
tics; and J. Yofe, head of the Chemi¬ 
cal Laboratory of the Standards In¬ 
stitution of Israel. 

Lord Horder, chairman of the 
Empire Council on Rheumatism, and 
physician to King George VI of 
England, lectured at the Interna¬ 
tional Congress on Rheumatism in 
New York City on May 30, and at the 
convention of the American Medical 
Association in Atlantic City, June 
6 - 10 . 

Segismundo Gerszonowicz, di¬ 
rector of the Instituto de Electrotec- 
nica, University of Montevideo, who 
has been visiting lecturer at the 
Graduate School of Engineering, 
Harvard University, will return to 
Montevideo this month. 


Grants and Awards 

The University of California 
School of Medicine has awarded 
(7,600 to Abraham White, chairman 
of the Department of Physiology aud 
Chemistry. Dr. White will investi¬ 
gate the biochemistry of normal and 
malignant lymphocytes in an effort 
to further understanding of one type 
of leukemia. 

The Patron’s Medal of the Royal 
Geographical Society of Great 
Britain has been awarded to Hans 
Pettorsson, of the University of 
Gothenburg, Sweden, for a recently 
completed deep-sea expedition dur¬ 
ing which he made u number of 
oceanographical discoveries. 

Fellowships 

The American Cancer Society, in 
conjunction with the British Empire 
Cancer Campaign, announces n num¬ 
ber of British American Exchange 
Fellowships in Cancer Research. 
These fellowships are open to Ameri¬ 
can citizens who possess the degree 
of M.D., Ph.D,, or D.Sc. and will 
provide specialized training in Great 
Britain; an equal number of young 
British scientists will be selected for 
training in this country. The fel¬ 
lowships, to be awarded by the so¬ 
ciety upon recommendation of the 
Committee on Growth of the Na¬ 
tional Research Council, will be 
granted for a period of one year at 
(4,020, with travel allowance of (600. 
Applications may be procured from 
and submitted at any time to the 
Executive Secretary of the Committee 
on Growth, Division of Medical Sci¬ 
ences, National Research Council, 
2101 Constitution Avenue, Washing¬ 
ton 25, D. C. The time of training 
will be arranged at the convenience 
of the institution and the fellow, 

Colleges and Universities 

California Institute of Technol¬ 
ogy dedicated its new (407,000 Ear- 
hart Plant Research Laboratory on 
June 7. Frits Went, professor of 
plant physiology in the Biology Di¬ 
vision, is director of the laboratory. 

By control of the temperature, 
humidity, light, and gae content of 
the air within the laboratory, a wide 
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range of climatic conditions will be 
simulated to study their effects on 
plant growth. All greenhouses are 
equipped with de-ionized water and 
compressed air and are kept sterile. 
A prefocused camera, containing 
pnough film for eight hundred pic¬ 
tures, will photograph plants at de¬ 
sired intervals. Time will be re¬ 
corded in centidays—periods of 14 
minutes and 24 seconds each. Clocks 
are so placod that they will appear in 
each photograph and record the ex¬ 
act time of exposure. Research at 
the laboratory is aimed at matching 
plants to climate for better crop 
production. 

Northwestern University geog 
raphors will begin a one-year atudy 
of Puerto Rico's agricultural prob¬ 
lems on July 1. Clarence F. Jones, 
professor of geography, will direct 
the program, aided by Simon Rot- 
tenbcirg, director of the Social Sci¬ 
ence Research Center of the Univer¬ 
sity of Puerto Rico; Rafael Pico, 
chairman of the Puerto Rican Plan¬ 
ning, Urbanizing, and Zoning Board ; 
and 0. Donald Hudson, chairman of 
Northwestern's Department of Geo¬ 
graphy. The program will be sup¬ 
ported by a flU0,000 grant from the 
University of Puerto Rico and the 
board. The project, which involves 
land classification and a study of 
present and future use of the land, is 
an effort to solve the island’s major 
problem—population pressure on the 
land. It is oxpected that the project 
will also provide basic knowledge ap¬ 
plicable to other humid tropical 
areas. 

The Son Gorgonio Section of 
the American Chemical Society was 

recently formed at the University of 
California Citrus Experiment Sta¬ 
tion at Riverside. Linus Pauling, na¬ 
tional president of the American 
Chemical Society, presented the char¬ 
ter to the new section and Francos 
Gunther, section chairman, gave an 
address on "Valence and Structure 
of Metals. ’ ’ 

Meetings and Elections 

The 12th International Confer¬ 
ence on Public Education will be 
held in the Palais Wilson, Geneva, 
July 4-12 under the sponsorship of 
Uneseo and the International Bureau 


of Education. Techniques used by 
various countries for teaching na¬ 
tural science, geography, and reading 
will be reviewed. Seventy-three 
states have been invited to send dele¬ 
gates. 

A communication received from 
the secretary general of the Seventh 
International Botanical Congress, 

to be held in Stockholm, Sweden, 
July 12-20, 1950, states that pre- 
sessional excursions will start on 
June 27 and postRcssional excursions 
will end on August 0. Communica¬ 
tion No. 2 from the Organizing Com¬ 
mittee, containing the preliminary 
outline of the program and prelimi¬ 
nary plans for the excursions, may be 
obtained from Dr. Ewart Aberg, 
Secretary General, Uppsala 7, Swe¬ 
den. 

The 1949 Plant Science Seminar 

will be held at the University of 
Wisconsin School of Pharmacy Au¬ 
gust 21-27. Persons interested in 
attending should write to Dr, Joseph 
V. Swintosky, Local Secretary, Plant 
Science Seminar, University of Wis¬ 
consin School of Pharmacy, Madison 
6, Wisconsin. 

The Pennsylvania Academy of 
Science elected the following officers 
at its 25th anniversary meeting April 
15-16: Richard Fooso, of the Gool- 
ogy Department, Franklin and Mar¬ 
shall College, president; and Harry 
K. Lane, of Hershoy Junior College, 
secretary-treasurer. 

The aumniGT meeting of tho acad¬ 
emy will be held at Stroudsburg and 
Buck Hills Falls in August. 

The Iowa Academy of Science, 

at its 61st meeting on April 16—16, 
elected as 1949-50 officers: J. B. 
Culbertson, Cornell College, presi¬ 
dent; Paul S. Helmick, Drake Uni¬ 
versity, vice president; F. G, Brooks, 
Cornell College, editor; and Cornelius 
GoUwens, Iowa State College, sec¬ 
retary-treasurer and representative 
on the AAAS council. 

The North Dakota Academy of 
Science elected the following officers 
for the academic year 1949-50 at 
its 4lBt annual meeting held jointly 
with the Red River Valley section of 
the American Chemical Society, May 
6-7: president, Ralph E. Dunbar, 
North Dakota Agricultural College; 


and vice president, A. K. Saiki, Uni¬ 
versity of North Dakota. G. A. 
Abbott, of the university, was re¬ 
elected secretary-treasurer. J. Alex 
Munro, of the Agricultural College, 
was renamed representative on the 
AAAS council. 

The Kentucky Psychological 

Association elected the following 
officers at its annual meeting held 
May 21 at the University of Ken¬ 
tucky: president, George A. Muench, 
University of Louisville; president¬ 
elect, Frank A. Pattie, University of 
Kentucky; and secretary-treasurer, 
Priscilla Alden, Nichols Veterans 
Hospital. 

The University of Pennsylvania 
Chapter of the Society of the Sigma 

Xi elected the following officers to 
servo during tho academic yeaT 1949- 
50: president, Gaylord P. Barn¬ 
well, Department of Physics; vice 
president, Eugene P. Pendergrass, 
Department of Radiology of the 
hospital; and secretary, Harry E. 
Morton, Department of Bacteriology, 
School of Medicine. S. Reid War¬ 
ren, Moore School of Electrical Engi¬ 
neering, continues as treasurer. 


Academic Press, Inc. announces 
the publication of a new journal 
Experimental Cell Research, spon¬ 
sored by the International Society 
for Cell Biology. The new journal 
will publish papers dealing with ex¬ 
perimental analysis of the activity, 
structure, and organization of the 
cell and its sub-units, including work 
on virus. Technical or theoretical 
papers aiming at the further devel¬ 
opment of methods in the field of ex¬ 
perimental cytology will also be in¬ 
cluded. Papers may be submitted in 
English, French, or German. 

Experimental Cell Research will be 
odited by Torbjom Caspersson, 
Stockholm; Honor Fell, Cambridge, 
England; John Runnstrom, Stock¬ 
holm ; Francis O. Schmitt, Cam¬ 
bridge, Massachusetts; Paul Weiss, 
Chicago, Illinois; and Ralph W. C. 
Wyckoff, Bethesda, Maryland. J. F. 
Danielli, London, will act as editor 
of communications for the society. 

Authors residing in the western 
hemisphere should send their papers 
to U. S. editors; those residing in 
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tlie British Isles should mail theirs 
to Dr. Honor Fell, Cambridge; pa¬ 
pers originating in othor countries 
should be forwarded to the Scandi¬ 
navian editors. 

One volume, consisting of four 
issues, will be published annually. 

The Chicago Natural History 

Museum’s 15th Southwest Archaeo¬ 
logical Expedition left June 8 for 
west central New Mexico. Paul S. 
Martin, chief curator of the mu¬ 
seum ’s Department of Anthropology, 
heads the expedition; John B. Rin¬ 
aldi?, associate in archaeology, is his 
assistant. The expedition will work 
in Pine Lawn Valley, about one hun¬ 
dred miles north of Silver City, where 
they will resume their hunt for traces 
of prehistoric inhabitants during the 
various periods between 3000 B. C. 
and 1000 A. D. 

The New School for Social Re¬ 
search in New York City has ex¬ 
panded its science program to include 
a group of six courses on biochemis¬ 
try to bo offered to the public free 
of chargo this fall. The lectures 
will be given jointly by the New 
School and the Institute for Muscle 
Research, under the direction of Al¬ 
bert Szent Gyorgi, Hungarian sci¬ 
entist. The courses will run from 
seven to 16 weeks. The first two. 
“Dynamics of Living Things,’ 1 and 
* ‘ Dynamics of Muscle as a Living 
System/' are designed primarily for 
nonscientists and will emphasize the 
fusion of the soiences into a single 
unit based on the knowledge of the 
atom. Speakers scheduled for these 
lectures include Dr. Gyorgi and Otto 
Warburg, both of the Institute for 
Muscle Research; Otto Loewi, re¬ 
search professor of pharmacology, 
New York University College of 
Medicine; and Otto Meyerhof, re¬ 
search professor in physiology, Uni¬ 
versity of Pennsylvania. These 
specialized courses will bo presented 
mainly by the institute staff. The 
othor four courses, designed more 
expressly for scientists, will cover 
“Biochemistry of Muscle," “Blood 
and Some Aspects of Its Func¬ 
tions, “ “ Elementary Introduction 
to Quantum Mechanics and Some 
Biological Applications, J1 and 
“Quantum Chemistry and Its Bio¬ 
logical Applications.'' 


David M. Delo, chief of Scientific 
Manpower for the Research and De¬ 
velopment Group, Logistics Division, 
General Staff, U. 8. Army, has been 
appointed the first executive director 
of tko American Geological Insti¬ 
tute, effective June 1. 

The institute was established last 
November as an instrument of the 
National Research Council and will 
have its headquarters at the NRC, 
2101 Constitution Avenue, Washing¬ 
ton 25, D. C. Its activities will bo 
carriod on in conjunction with those 
of the NRC's Division of Geology 
and Geography. The primary ob¬ 
jectives of the new institute are the 
advancement of geology and its ap¬ 
plication to human welfare through 
the cooperation of organizations ac 
tive in the fields of pure and applied 
geology. Membership is open to all 
nonprofit organizations concerned 
with the earth sciences. 

The initial member organizations, 
whose memberships total more than 
10,000, are: American Association of 
Petroleum Geologists, American Geo¬ 
physical Union, American Institute 
of Mining and Metallurgical Engi¬ 
neers, Geological Society of America, 
Mineral agical Society of America, 
Paleontological Society, Seismologi- 
cal Society of America, Society of 
Economic Geologists, Society of 
Economic Paleontologists and Min¬ 
eralogists, Society of Exploration 
Geophysicists, and Society of Verte¬ 
brate Paleontology. 

Officers of the institute are A. I. 
Lovorsen, dean of mineral sciences, 
Stanford University, president; W. 
B. Heroy, Beers and Heroy, Dallas, 
vice president; and Earl Ingerson, 
U. B. Geological Survey, Washington, 
D, C., secretary-treasurer. 

Recently Received— 

Manual of the International Statis¬ 
tical Glassification of Diseases, In¬ 
juries, and Causes of Death: Sixth 
Revision of the International Lists 
of Diseases and Causes of Death; 
Adopted 1948. (Vol. 1.). Pub¬ 
lished by World Health Organi¬ 
zation, 350 Fifth Avenue, New 
York 1, N. Y. 

Tepexpan Man by Helmut de Terra, 
Javier Romero and T. D. Stewart. 
(Viking Fund Publications in 
Anthropology, No. 11.) (Illus¬ 


trated.) Order from Viking Fund, 
14 East 71st Street, New York 21, 
N. Y. (3.00. 

Industrial Uses of Radioactive Ma¬ 
terials: A Selected Bibliography. 
Available without charge from 
Arthur D. Little, Inc., Cambridge 
42, Mass. 

Thomas Bartholin by Axel Garboe. 
(Acta Historica Scientiarum Na- 
turalium et Modicinallum, Vol. V.) 
In Danish. Einar Munksgaard, 
Morregade 6, Copenhagen, Den¬ 
mark. 21 kroner. 

Utilization of Sucrose by the Mam¬ 
malian Organism by Walter W. 
Wainio. (Scientific Report Series 
No. 12.) Copies obtainable from 
Sugar Research Foundation, Inc., 
52 Wall Street, New York 5, N. Y. 
Acids, Bases, and Non-Aqueous Sys¬ 
tems by Ludwig F. Audrieth. 
(23rd Annual Priestley Lectures 
at Pennsylvania State College.) 
Issued by Phi Lambda IJpsilon, 
Department of Chemistry, Pennsyl¬ 
vania State College, State College, 
Pa. $2.00. 

Scientists: Supply and Demand (1), 

* and Opportunities in the Medical 
Profession (2). Prepared by 
Western Personnel Institute, 30 N. 
Raymond Avenue, Pasadena 1, 
Calif. 50tf and $1,00 respectively. 

Make Plans for— 

American Society for Agricul¬ 
tural Engineers, June 20-23, East 
Lansing, Michigan. 

American Dairy Science Asso¬ 
ciation, June 21-23, University of 
Minnesota, Minneapolis. 

International Association for 
Dental Research, American Divi¬ 
sion, June 24-26, Chicago. 

American Association of Dental 
Schools, June 27-29, Drake Hotel, 
Chicago. 

American Society of Mechanical 
Engineers, June 27-30, San Fran¬ 
cisco, California. 

American Society for Testing 
Materials, June 27-July 1, Atlantic 
City, New Jersey. 

American Home Economics As¬ 
sociation, June 2(Wuly 1, San Fran¬ 
cisco, California. 
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Loyalty and Security Problems of Scientists: 

A Summary of Current Clearance Procedures 1 

Scientists’ Committee on Loyalty Problems, 9 

A Committee of the Federation of American Scientists 
14 Battle Road, Princeton, New Jersey 


A SCIENTIST who is considering a job with 
the federal government, or with nn industrial 
laboratory or university which has financial 
support from the government, may need loyalty or 
security clearance from the appropriate government 
agency. If the work is "classified,” 3 he will certainly 
need security clearance, and if he works for the gov¬ 
ernment directly on any kind of job, loyalty clearance 
is required. But even if he anticipates only unclassi¬ 
fied work, either in industry or at a university, he 
may still need some sort of clearance. 

The clearance requirements and the procedures in¬ 
volved are varied and not well understood by most 
scientists, perhaps not even by a prospective em¬ 
ployer. Since government-supported research ia rap¬ 
idly becoming the rule rather than the exception, there 
is a growing need for scientists to familiarize them¬ 
selves with a type of problem which has hitherto 
been in the province of the legal profession. 

Among the many questions about which there is 
considerable confusion is the distinction between 
loyalty and security clearance. According to current 
usage of the term, loyalty clearance refers to the re¬ 
quirements placed upon all government employees 
(more than two million) by the President’s order of 
March 21, 1947 (7). According to this order, all 
persons employed by or seeking employment from the 
federal government must be subjected to a loyalty 
investigation; no distinction is made between persons 
who do classified work and those who do not. On the 
other band, security clearance refers to the special 
requirements of certain "sensitive security areas,” and 
applies to persons who Work with classified or re¬ 
stricted information. Factors considered in process¬ 
ing security cuses include questions of loyalty but also 

1 This article wne «nbinltt*d to the government Agencies 
Involved for comment? and criticism. 

1 Members of (he committee are L. Spitz* r, Jr., chAJrmnn, 
W. A, Hlfflnhottifim, associate chairman, A, 6. WJtthtnrrn, 
secretary, I>. R. Ham I It on. treasurer, D. Rohm, R. Britten, 
R. R. Bush, 0. Q, Butler, A. Einstein, L. P. Elsenhart, S. A. 
Qondstnlt, M. 8. Livingston, St Mudd, D. Pines, 0. Veblcu, 
and I. Wolff, 

■ "CtoMlfleU" Information la tfi at which has been adjudged 
"top secret," "secret," "confidential,” or "restricted," (The 
Atomic Energy Commission use* the term "restricted" Instead 
of "dnsalflod,") 


include questions of personal reliability, emotional 
stability, etc. Altogether, six government agencies— 
viz., the Atomic Energy Commission, the Departments 
of Army, Navy, and Air Force, the State Department, 
and the Central Intelligence Agency—have their own 
separate security clearance procedures. The last two 
agencies mentioned do not ordinarily employ scien¬ 
tists. In addition, persons working on contracts from 
these agencies must have security clearance if they 
have access to classified or restricted information. 
The clearance procedures of the Atomic Energy Com¬ 
mission upply to both commission employees and em¬ 
ployees of AEC contractors. The three departments 
of the National Defense Establishment, however, 
have a different set of procedures for employees of 
their contractors. 

Although these security clearance procedures ap¬ 
ply in principle only to persons who actually have 
access to classified or restricted information, some in¬ 
dustrial laboratories and even some university labora¬ 
tories have considered it convenient, from nn adminis¬ 
trative point of view, to request security clearance of 
all their employees, regardless of whether or not they 
are doing classified work. Thus, the impadt of the 
security program is being felt by a relatively large 
group of scientists. 

The Loyalty Phogrim 

Among the numerous government departments and 
agencies which administer the requirements of the 
President’s loyalty order, the Departments of Com¬ 
merce, Interior, Agriculture, Navy, and Air Force, 
the Federal Security Agency, and the Federal Com¬ 
munications Commission are of particular interest to 
scientists, Such bureaus as the Bureau of Standards, 
the Civil Aeiynautios Administration, the Weather 
Bureau, the Bureau of Mines, the Geological Survey, 
the Public Health Service, the National Institutes of 
Health, end the Food and Drug Administration are 
included in the departments and agencies mentioned. 
The formal loyalty procedures of all these are uni¬ 
form, although the administrative personnel involved 
naturally varies considerably. 

The procedure used is this. The Federal Bureau 
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of Investigation makes a check of all available 
records—FBI, Civil Service Commission, Military and 
Naval Intelligence, and House Committee on Un- 
American Activities—to see whether there is any 
derogatory information concerning the individual. If 
no such information is found, nothing further is done. 
Whenever any derogatory information is discovered, 
the FBI carries out a “lull field investigation” and 
then turns the file over to the agency or department 
in the case of employees or to a Regional Loyalty 
Board of the Civil Service Commission in the case of 
applicants. Each federal department and agency has 
set np a loyalty board to review cases of their em¬ 
ployees; adverse decisions made by these boards may 
be appealed to the department or agency head or a 
person designated by him. Final appeals from both 
employees and applicants may be mnde to a special 
Loyalty Review Board set lip in the Civil Service 
Commission. This Loyalty Review Board has acted 
as the administrative head of the entire loyalty pro¬ 
gram (8). 

As of September 18, 1948, 2,136,501 loyalty in¬ 
vestigations had been completed and 4,303 “full field 
investigations” conducted. The results of hearings 
held as of September 18, 1948, are shown below (5) : 


Hearing Board 

Favor¬ 

able 

Unfavor¬ 

able 

Agency boards (employees) 

1122 

69 

Agency head (appeals by em¬ 



ployees) ... 

0 

15 

Regional CSC board (appli¬ 



cants) .. 

159 

17 


Loyalty Review Board (final 
appeal) . 2 6 


In all these loyalty hearings, the employee or ap¬ 
plicant was presented with a statement of the charges 
against him and was permitted to be represented by 
a lawyer and to present evidence through witnesses or 
otherwise. Strict legal rules of order, however, were 
not adhered to; in particular, confrontation or cross- 
examination of witnesses was seldom allowed. The 
standard for refusal of or removal from employment, 
according to the original executive order, is that . . 
on all the evidence, reasonable grounds exist for belief 
that the person involved is disloyal. . . Activities 
which were to be considered included sabotage, espio¬ 
nage, treason, advocacy of revolution by force, un¬ 
authorised disclosure of information, and serving the 
interest of another government. In addition, the doc¬ 
trine of “guilt by association” was included, since 
“Membership in, affiliation with or sympathetic asso¬ 
ciation 4 with . . organizations declared "subversive”* 

4 This term is not further defined <8ee 4, pace 41), 

" See fl. page SO. 


by the Attorney General were possible causes for b 
finding of disloyalty. Organizations so designated 
have been given no avenue of appeal. In the cane 
of membership in the Communist Party and certain 
other organizations, the Attorney General has declared 
that dismissal was mandatory under the Hatch Act 
(Public Law 252—70th Congress) (13). 

The Atomic Energy Commission 

The Atomic Energy Act of 1940 (15) requires the 
AEC to secure an FBI report on all persons having 
access to restricted data and to determine that such 
□coese will not endanger nutionnl security. On April 
35, 1948, the commission announced its “Interim Pro¬ 
cedure” for security clearance of employees (1). The 
FBI report is first reviewed in the appropriate AEC 
field office; the Mnnager of Directed Operations may 
grant or deny clearance or may refer the case to the 
Director of Security in Washington. 

To nid the manager in reaching r decision, the com¬ 
mission set up a set of criteria on January 5, 1949 
(9). Two categories of information were described. 
The first category included classes “. . , which estab¬ 
lish a presumption of security risk,” and in such 
cases the local manager can deny clearance or refer 
the case to the Director of Security in Washington. 
Included in this category are sabotage, espionage, 
treason, sedition, association with foreign agents, 
membership in organizations declared subversive by 
the Attorney General (provided the individual did not 
withdraw when the organization was so identified, or 
otherwise establish his rejection of its subversive 
aims), advocacy of revolution by force, deliberate 
omission of “significant information” from personnel 
questionnaires, violation of security regulations, in¬ 
sanity, conviction of criminal offenses, and 'habitual 
drunkenness. The second category includes more 
questionable types of information; in these oases the 
local manager may grant or deny clearance, Included 
in this list are “sympathetic interest in totalitarian, 
fascist, communist, or other subversive political ideolo¬ 
gies,” “sympathetic association” with communists or 
members of other “subversive” organizations (as de¬ 
fined by the Attorney General), identification with 
subversive “front” organisations or organizations “in¬ 
filtrated” with subversive persons (when there is ad¬ 
ditional evidence that the individual's views agree with 
those of the subversive “lines”), residence of relatives 
in certain foreign countries “dose continuing associa¬ 
tions” with persons bavitlg “subversive interests and 
associations,” (as defined above), conscientious objec¬ 
tion to war except on rtiHgious grounds, manifest care¬ 
lessness, and homosexuality. 

When a preliminary decision has been made to 
refuse security clearance, an employee is presented 
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with a statement of charges and is permitted a hear¬ 
ing before a local Personnel Security Board, which 
then makes a recommendation to the Manager of 
Directed Operations. If the decision is still unfavor¬ 
able to the employee, he tuny appeal to the Personnel 
Security Review Board, which until recently was 
headed by cx-Bupreme Court Justice Owen J, Roberts, 
Charles Fahy, former Solicitor General of the United 
States, is now head of this board. 

According to the Fifth Semiannual Report of the 
A EC (January, 1949) {10), the Commission has 
taken action on more than a hundred thousand candi¬ 
dates for clearance, bul fewer than two thousand of 
these involved serious questions concerning eligibility. 
No recent figures on the number o£ hearings held have 
been releasee], but as of July 15, 1948, fifteen hearings 
tor employees were conducted by local boards (II). 
At that Lime, five were granted clearance, and one 
whs refused clcurnnce. 

Applicants for A EC jobs or for jobs with AEC 
contractors have not been allowed any of these pro¬ 
cedural safeguards, however. Except in a few cases, 
no statements of charges or hearings of any sort have 
been given. During recent months the commission has 
been considering extending its procedures to include 
applicants (10, 11), but at the date of this writing 
no action has been taken. 

Departments of Army, Navy, and Ajr Force 

Public Law 808, passed by the 77th Congress, gave 
the "power of summary dismissal” to the heads of 
these departments and thus established the basis for 
security clearance requirements (14). 

Like all other government employees, civilian em¬ 
ployees of the Army Department are required to have 


a loyalty clearance in accordance with the President’s 
order. The Army may require a more complete in¬ 
vestigation of employees to be assigned to sensitive 
activities, however, and such clearance is colled secur¬ 
ity clearance (5). The removal procedures of Execu¬ 
tive Older 0635 are not followed in any case. If an 
employee is discharged he is given at that Lime a state¬ 
ment of reasons for the action and mny appeal the 
decision to the Secretary of the Army's Security Re¬ 
view Board. As of October 1, 1948, 79 employees 
of the Army Department had been removed under 
these procedures and 10 of them had been reinstated 
after nppeal, according to information obtained from 
the Office of the Secretary of the Army. 

The Department of the Navy requires only loyalty 
clearance of all ite employees, and the procedures used 
are similar to the loyalty.procedures of other govern¬ 
ment agencies (!£). "When an employee has access 
to classified materials or information, however, secur¬ 
ity clearance is required, and in that case no hearings 
nt all are provided. In accordance with the require¬ 
ments of Public Law 808, passed by the 77th Con¬ 
gress, the employee is presented with a statement of 
the reasons for his dismissal and he may file a state¬ 
ment protesting such action if he wishes. 

The Department of the Air Force has a still dif¬ 
ferent set of procedures in which loyalty and security 
are considered together ( 2 ). A finding of disloyalty 
necessarily implies that the employee is n "security 
risk" but not vice versa, according to these procedures. 
In nil cases, two bearings are possible: one before a 
Loyalty-Security Hearing Board and, in the event 
of an ndverse decision, another before the Loyalty- 
Security Review Board. Further, a finding of dis¬ 
loyalty may be appealed to the Civil Service Com- 


TABLE 1 

Summary of Phockduiul Safeguards 


Loyalty 

program 


Security programs 



E* 

At 

AEC 

E* 

At 

Army 

Navy t 

Air 

Force 

IERB| 

Htutemeut of chnrfes presented to accused? 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Ym 

No 

Hearing held before action tnken?. 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

No 

Number appeal hearings available. 

2 

1 

1 

0 

1 

0 

1 

1 

Civilian boards? .. 

Yes 

Yes 

Yes 


Yes 

.... 

Yes || 

No 

Counsel permitted?. 

Yes 

Yes 

Yes 


Yes 


Yes 

Yes 

Can accused Introduce evidence? . 

Yes 

Yes 

Yes 


Yes 


Yes 

Yes 

Confrontation of witnesses permitted? .... 

Nu 

No 

Nol 


No 


No 

No 

Transcript of hearing given to accused? . . . 

Yes 

Yes 

Yes 


Yes 


Yes 

No 

Are hearings unclassified? . .. 

Yes 

Yes 

Yes 


Yes 


Yes 

No 


* H—Employe*. 
t A—Applicant. 

t Moat Nnvy Department cane* arc loyalty come, not security Corps (Set Navy Civilian Personnel Guide SO). 

I Industrial Employment Review Board (Army, Nnvy, and Air Force contracts). 

B The Air Force refutations stipulate that m majority or the bonrd be civilians (See Air Force Refutation No. 40-3 2. 
September IB, 1046). 

1 Confrontation has been permitted In some cases. (Bee AEC Fourth Semiannual Report,) 















624 


SCIENCE 


June 24, 1949, VoL 109 


mission Loyalty Review Board. However, even if the 
Loyalty Review Board issues a favorable decision, the 
department may still consider the employee to be a 
security risk. 

Applications for jobs in these three departments are 
handled by the Civil Service Commission and eo 
loyalty clearance is required, as in the case of other 
government departments and agencies described be¬ 
fore. Once employed, however, a person may require 
additional security clearance under the procedures 
just stated. 

Akmy-Navy-Aih Force Contracts 

The Army, with the concurrence of the Navy and 
Air Force, has set up security clearance procedures 
for employees of contractors of the Army, Navy, and 
Air Force (i). Designated military officials may 
grant clearance directly, but doubtful cases are re¬ 
ferred to the Army-Novy-Air Force Personnel Security 
Board, which may direct that the employee be dis¬ 
charged or suspended. This bonrd holds no hearings. 
Any action may be appealed by the person involved 
to the Industrial Employment Review Board, in the 
office of the Provost Marshall General. A hearing 
before this board is possible only in Washington, 


D. C. The board consists of representatives, gen¬ 
erally military men, from each of the three deport¬ 
ments. No provision is mode for the presentation of 
charges to the individual. The entire hearing is 
classified and no Teeords or notes on the bearing may 
be kept by the individual or his lawyer. No further 
appeals are possible. 

All of the procedures that have been described here 
differ from ordinary legal procedure in this country in 
at least four major respects (G): (1) no separation 
between the executive and judicial responsibilities is 
made in the processing of any loyalty or security 
cases, (2) no provision is made for a hearing board 
to write a specific finding of fact after n hearing, 
(3) confrontation and croBB-examination of adverse 
witnesses ore rarely permitted, and (4) the hearings 
arc always closed to the public. 

The procedural safeguards, the rights and privileges 
of individuals, arc of particular interest to those sci¬ 
entists who may be involved in clearance problems. 
Thus, the chief items of the various procedures are 
summarized in Table 1. Such a condensation dearly 
cannot be used as the sole basis for judging and com¬ 
paring various procedures, but may be useful as an 
index for further inquiry. 
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Biological Synthesis of Radioactive Silk 1 2 3 4 5 6 


Paul C. Zamecnik, Robert B. Loftfield, Mary L. Stephenson, and Carroll M. Williams 

The Medical Laboratories of the Collis P. Huntington Memorial Hospital and the 
Chemical and Biological Laboratories of Harvard University 


IBROIN, THE PROTEIN OF SILK, has been 
a classical object of study in attempts to eluci¬ 
date the structure of proteins because it is 
stable and easily isolated and its composition is con¬ 
i' ThLs Is publication No. 000 of the Harvard Cancer Com¬ 
mission. The Investigation was nlded by the Godfrey M. 
Hyanis Fund, the La lor Foundation, and by a grant-ln-nUl 
from the Ainerlcnu Cancer Society (rwnnimended hy the 
Committee on Growth of tlie National Research Connell). 


slant. Numerous and detailed annlyses of itB com¬ 
ponent amino acids have revealed that glycine 

and alanine are present in exceptional concentrations, 
accounting, in fibroin hydrolysates, for about three- 
quarter^ of the total number of amino aeid residues 
and for about two-thirds of the total weight of the 
residue* { 1 > I). These unusual properties of fibroin, 
and the availability of C l4 4aheled glycine and alanine 
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Fia. 3. Hiuilomitogruph oT hI lk fillers tensed frnm a rnrtiu- 
Pin. 1. CecrupWi eoenon wUli n pupal Htnjfi* nf the Insect HiLlve gucouii (nip. 11 x). 
re moved theref mill. 


( i, 5), suggest a possible approach to the biological 
nynthesis of a stable, homogeneous, radioactive protein. 

As a first step in this direction we have tested the 
ability of the giant silkworm, Platysamia cecrapia , to 
incorporate radioactive glycine and alanine into the 
silk it synthesizes. To this end, 0.05 ec of a mixture 
of radioactive glycine and alanine was injected into 
the body cavity of a mature silkworm (animal A). A 
total of 27,000 counts per minute was injected, as 
measured by an end window Gejger-Muller counter 
with a counting efficiency of about 8 percent under 
conditions described previously (8). The injection 
contained 0.0,13 mg of C 14 -onrboxyl-labeled glycine 
with an activity of 18,000 opm and 0.02 mg of C 14 -car- 
hoxvj lnbeled un-alanine, with an activity of 9,000 cpm. 

Following the injection, the silkworm continued to 
feed normally for 24 hours. It then began spinning 
the cocoon shown in Fig. 1. A thin piece of cocoon 
fabric, removed and placed under the Geiger-Muller 
counter, exhibited ^dioactivity. A similar result was 
obtained with a silkworm (animal B) injected with 
0.05 ec nf a solution containing 18,000 cpm in 0,04 


mg of C l4 'Carboxyl-labeled DL-alanine alone. 

Fragments of cocoon from each insect were placed 
against unexposed film (Du Pont dental film No. 552-1 
and No. 552-2 [cf. 6 ]) and stored for periods of one 
to four weeks in the dark. The films were then 
developed for seven minutes at 08° F. Invariably, 
radioautographs "which revealed details of the pattern 
of the silk fibers were obtained (cf. Figs. 2 and 3). 

In order to test whether the radioactivity of the silk 
was Qctunlly present in the component ninino acids, a 
fragment of cocoon A (73 mg) was cut into small 
pieces and homogenized into tiny fragments in water. 
The suspension was precipitated in 10-percent tri¬ 
chloroacetic acid, washed with trichloroacetic acid, 
and hydrolyzed overnight in an autoclnve with the 
aid of 6 N hydrochloric acid. The ninhydrin pro¬ 
cedure (7) was then performed on the protein hy¬ 
drolysate, Duplicate counts of the barium carbonate 
precipitate revealed 100 and 150 cpm per 0.1 nm 
BaCO a (5). Thus the radioactivity was shown to be 
present in the a-carboxyl group of some amino acid 
associated with the silk fibers. 



Fig, 2, a) Fragment of cocoon (mu. 8.6 x). b) Eailioautocrnpb of the name fragment. 
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The possibility remained, however, that the labeled 
amino acids might be adsorbed onto the silk fibers, 
rather than incorporated into the peptide chain struc¬ 
ture of the protein itself. Efforts were therefore 
made to dissolve the fibroin and determine whether or 
not the reprecipitated protein was still radioactive. 
There was not, unfortunately, a sufficient quantity of 
labeled eilk to carry out such a procedure. Accord¬ 
ingly, 0.1 g of the labeled cocoon (animal A) was 
added to 0.9 g of inert silk, obtained from other 
cocoons, and the mixture was degum med by boiling 
with soap. The dried, degummed fibroin was then cut 
into tiny pieces with scissors and added to 43 cc of 
copper hydroxide ethylene diamine solution [0 g 
Cu(OH) a and 3 g ethylene diamine in 100 cc of 
aqueous solution] (2). After ten minutes the silk 
hnd been partially dissolved. The suspension was 
then neutralized with 1.25 N acetic acid to pH 8, and 
Altered with suction. The clear, deep blue filtrate, 
containing dissolved silk, was added slowly to six 
volumes of acetone with stirring. The resulting pre¬ 
cipitate was collected on a small Biichner funnel and 
washed with acetone and ether. The flaky, pale pur¬ 
ple precipitate was suspended in 15 cc of water; the 
water turned a daTk blue. The suspension was filtered 
onto a sin nil Buchner funnel, and the light brown 
precipitate was washed with water and dried in an 
oven. Thirteen mg of this reprecipitated silk fibroin 
was hydrolyzed overnight in 1 cc of 6 N HC1 in an 
autoclave. A ninhydrin determination was performed 
on the fibroin hydrolyzatc, the evolved carbon dioxide 
being collected as barium carbonate and counted in the 
usual manner (S). There were 12.7 epro per 0.1 him 
barium carbonate when corrected to 0.1 ium thickness 
(5.4 mg per sq cm with our apparatus). Taking into 


account the tenfold dilution of the original labeled 
silk with unlabeled silk, there were 127 cpm per 0.1 
ulM of hydrolysate of labeled silk fibroin. 

As a result of these findings, we were encouraged 
to try an experiment in vitro on protein synthesis in 
the isolated silk gland of the insect. Two silkworms, 
in the final instar, were dissected and the four silk 
glands removed. These glands were ineubated in a 
Warburg flask in 1.1 cc of Krebs-Ringer-phosphate 
medium of pH 7.4, which contained in addition 0.04 u 
sodium pyruvate and 0.37 mg of C 14 -oarboxyl-labeled 
glycine with an activity of 10,000 opm. After 3} 
hours’ incubation at 37° C in an atmosphere of oxy¬ 
gen, the experiment was terminated. The glands were 
homogenized and washed, and the proteins were pre¬ 
cipitated, hydrolyzed, and assayed for the presence of 
radioactivity. A total of 74 opm was found in the 
0.067 mM sample of BaCO a , or 93 cpm per 0.1 mM 
of BaCO a as corrected to standard conditions. This 
experiment implies that the amino acids were incor¬ 
porated into protein in the living silkworm gland in 
vitro. Since the fibroin was not isolated, there is no 
certainty, however, that silk rather than some other 
protein was synthesized under the conditions of the 
experiment. 

The term “protein synthesis” is used in a broad 
sense. There remains the possibility that the labeled 
amino acids may have entered preformed fibroin 
molecules by “exchange” rather than by participation 
in a true synthesis of the fibroin molecule de novo. 
There may also be formation of side chain peptide 
bonds between the labeled amino acids and either 
amino or carboxyl groups not in the alpha position. 
These several processes may have conceivably all taken 
place under the experimental conditions. 
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The Conversion of |3-Erythroidine to 
Derivatives of the Desmethoxy Series 
and Some Pharmacological Properties 
of Apo-0-Erythroidine 1 ’ 3 

G. L. Sauvage, F. M. Bergar, and V. BoekeJhflide 

Departments of Chemistry and Pediatries, 

School of Medicine and Dentistry , 

University of Rochester 

p-Erythroidine differs from almost all other peripheral 
curariform agents in that it is much less effective when 
employed as the quaternary ammonium salt than when 
employed as the tertiary amine hydrochloride (11)- In¬ 
asmuch as it is generally thought that the quaternary 
ammonium ion is very important in conferring curariform 
activity (4), the structural Unit responsible for the cura¬ 
riform activity of p-erythroidinc must, therefore, be of 
a different type from that of the usual curarifoTm agent. 
We have made some preliminary investigations of p 
erythroidine in the hope of establishing some relationship 
between structure and activity, and It is the purpose of 
this note to report the discovery of some new derivatives 
of p-erj'tliroidine and to describe some of the unusual 
pharmacological properties of one of these derivatives, 
apo-p-crythrqidine. 

p-Erythroidino was first isolated and characterized by 
Folkers and Major (8). Following this excellent work, 
Folkors and Koniuszy (fi) in 1930 and Folkers, Koniuszy, 
and Shavel (7) in 1941 reported on some chemical studies 
of p-erythroidine. As yet, no experimental details of this 
work have been published, and it is fair to say that the 
structure of p-orythroidiue is still largely unknown. 

In 1040 Dietz and Folkers (5) reported a spectro- 
photometric method of analysis for p-erythroidine based 
on the fact that the afyuloid, after treatment with sulfuric 
acid, gives a purple color with ferric chloride. We have 
investigated further the action of acids on p-erythroidine 
and have found that, depending on the conditions em¬ 
ployed, any one of three different isomeric derivatives of 
P-erythroidine may be obtained. The conversion of p- 
erythroldine to these derivatives was accomplished by 
the following procedures. 

When p-erythroidine (C u H,*NOj,) was treated with 
hydrogen fluoride at room temperature there was ob¬ 
tained, after isolation and purification, a white, crystalline 
solid, mp 108-109* C, having the empirical formula, 
(Analysis', Calculated for C^H^NO,; 0, 74.66; 

1 Aided by a grant from the National Foundation for Is 
fnntlle Paralysis. 

■ We are grateful to Merck ft Co., ttnhwsy, N. J, for the 
0-flryfchroldJne need In this study. 


H, 6.26; found: C, 74.74; H, 6.06). This product differs 
from p-erythroidine by the elements of methanol (CH<0), 
and it would appear to have been formed by the simple 
loss of a methoxyl group with introduction of a double 
bond. In support of this view p-erythroidine was found 
to contain one methoxyl gTOUp ( Analysis : Calculated for 
C 1B H 1B NO|: l-OCH„ 11.35; found: OCH a , 11.10) whereas 
the product from treatment of p-erythroidine with hy¬ 
drogen fluoride was found to contain no methoxyl groups. 
Therefore, we have named this product, desmethoxy-p- 
orythroidine. Desmethoxy-p-erythroidine does not give a 
color with ferric chloride. 

On the other hand, when p-erythToidine was heated to 
120° C with either phosphoric or sulfuric acid, the product 
isolated from the reaction mixture after tluB more drastic 
treatment was a solid, which, after crystallization from 
ethanol, melted at 132-132.5° C. This compound was 
shown (Analysis: found: C, 74.94; H, 6.27) to be isomeric 
with desmethoxy-p-erythroidine, but it has quite different 
properties and gives a violet color with ferric chloride. 
We have designated this compound, therefore, as npo-p- 
erythroidine. 

Some idea of the relationship of dcametlioxy-p-erythroi- 
dine to apo-p-erythroidine was obtained when it was found 
that phosphoric acid at 80° C converted p-erythroidine to 
desmethoxy-p-erythroidine and that, desmethoxy-p-ery- 
tliroidine, in turn, was converted by phosphoric acid at 
120° C to apo-P-crythroidine. It nppenrs that the con¬ 
version of p-erythroidine to apo P erythroidine involves 
rearrangement as well as the loss of a methoxyl group. 

Attempts to purify apo-p-erythroidine by chromatog¬ 
raphy led to still another product. This new product, 
mp 146-147“ C, although isomeric with apo-p-erythroidine 
and desmethoxy-p-erythroidine (Analysis: found: C, 
74.52, 74.81; H, 0.20, 6.39) has quite different spectra and 
properties from either of them. For reference it has been 
named iso-apo-p-erythroidine. The nature of the struc¬ 
tural relationships of these three desmethoxy derivatives 
of p-erythroidine is of considerable interest and will be 
discussed in fuller detail elsewhere. 

Dosmethoxy-p-erythroidino, apo-p-erythroidine, and 
iso-apo-p-erythroidine have been tested for pharmaco¬ 
logical activity, and although desmethoxy-p-erythroidine 
and iso-apo-p-erythroidine presented little of interest, 
apo-p-erythroidine showed quite unusunl properties. 

An inti#peritoneal Injection of npo-p-erythroidine to 
mice in doses of 150 mg per kg caused flaccid paralysis 
and loss of postural reflexes. The hind legs and posterior 
half of the body became affected first and remained 
paralyzed longer than the front limbs and neck muscles. 
During paralysis respiration remained adequate but was 
decreased in rate and increased In depth. Faradic stimu¬ 
lation of the sciatic nerve caused contraction of the para¬ 
lyzed limbs, Paralysis was not preceded by excitation 
and was followed by complete recovery of muscular power. 
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The paralyzing effect of apo-fj-erythroidine was similar 
to that observed after administration of benzimidazole 

FLEXOR REFLEX 




Fiu. 1. Effect of npo-0-erythroldlne on the flexor reflex 
and Indirect excitability of the muscle. Tracing from above 
downwards: 1) flexor reflex; 2) stimulation of gastrocnemius 
niUHcle through Its nerve; 3) signal line and 4) time ut 10-sec 
Intervals. 

At the signal 20 mg of apo^erythroldlne was Injected Into 
Ihe external Jugular vein. 

(0), myanesin ($), and glyketal (1). It differed from 
these QgentB in producing paralysis of much longer dura¬ 
tion, The mean duration of paralysis with doses of ISO 
mg per kg was 6 min for myanesin and 35 min for apo p 
erythroidine. After 250 mg per kg of apo-fj-crythroidine 
paralysis lasted for several hours. Death after toxic 
doses of apo-p-erythroidine was due to respiratory arrest. 
In mice the mean lethal dose tv&s more than twice as large 
as the mean paralyzing dose. 

Analysis of the pharmacodynamic effects of npo-fl- 
erythroidine in cats showed that the compound did not 
block transmission at the myoneural junction. It pro¬ 
duced paralysis by a depressant effect on the contra! 
nervous system. Two neuronal spinal reflexes such rb the 
knee jerk were not affected but multineuronal reflexes 
such as the flexor reflex were selectively depressed by 
small doses of the drug. This effect together with the 
lack of curare-like action of the compound is illustrated 
in Fig. 1. 

The results indicate that apo-p-erythroidine has a se¬ 
lective depressant action on the interneurons. It re¬ 
sembles in this respect other interneuronal blocking agents 
( 1, 8, 9), The fact that four chemically different sub¬ 
stances produce similar central effects and act at the 
same site 1 b of great interest, They are likely to act by 
blocking some important but as yet unknown mechanism 
of transmission in the central nervous system. None of 
these substances interferes with the action of acetylcholine 
as a transmitter of nervous impulses. 


It has been suspected for some time that p-erythroidinej 
apart from Its curare-like action, also possessed central 
depressant properties (J, 10). These two properties have 
been dissociated in apo-p-erythroidinej which lacks the 
peripheral action but still retains the central depressant 
properties of p-erythroidine. 
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Surface Action in 2,4-D Sprays 1 

D, W. Stan i forth and W. E. Loo mil 
Department of Botany, Iowa State College, Ame i 

A number of workers (1-d) have reported increased 
toxicity whon various substances arc added to sprays of 
2,4-dichlorophenoxyacetic acid used as an herbicide. Pre¬ 
liminary results in the summer of 1947, extensively cor¬ 
roborated since, show that the toxicity of these sprays 
may be increased several fold by adding various surface- 
acting substances, and suggest that some previously re¬ 
ported results may have been due to similar effects. 

Commercial Hoaploss powders with a base of sodium 
lauryl sulfate have been used most extensively as sur- 

TABLE l 


Yields of Flax Seed when Sprayed with 2,4-D, with 
OH WITHOUT A WETTING AOENT 



Surface tension 

Yields la 

Bpray 

of spray 

bu/acre* 

2,4-D 

Plus 

2,4-D 

Plus 


only 

1% “D 1 ’ 

only 

\% "D” 

VV a ter 

72 dynes 

28 dynes 

10.4 

17.4 

Na salt —ft lb 

58 

28 

18.8 

M 

—ft lb 

57 

28 

L8.fi 

lit 

—» lb 

57 

20 

10.2 

14.0 

Amine —ft lb 

5S 

20 

ID.4 

e.i 

—ft lb 

51 

29 

15.2 

10.T 

—ft lb 

52 

29 

15.7 

12.8 

Ester —ft lb 

84.1 

30 

11,7 

11.2 

—ft lb 

35,0 

80 

13.5 

. .. 

—ft lb 

35.T 

80 

10.4 

lfl.l 


* Least significant difference (0%), 8.20 bu/acre, 

1 Papar AIo. ~ JX054t- Iowa .Bap. Jto, . Projeot 044.. 


June 24, 1949, Vol, 109 


SCIENCE 


629 


face-acting compounds. The effects of adding \% of 
one such preparation to various sprays used on flax at 
the rate of 10 gal per acre are shown in Table 1. The 
wetting agent alone had no effect, but when added to 
the sodium or amine salts of 2,4-D, the yields were re¬ 
duced seriously at the heavier rates of 2,4-D. The ap- 

TABLE 2 

Stalk Reactions and Yields or Corn RfBaybd with the 
Sodium Salt of 2,4-D Containing Various 
Wetting Agents 


Well ln« 
agent 

Surface 

teuHlnn 

(dynow) 

Stalk 

reaction 

score 

Yield* 

bu/Qcre 

Nunn (check) ... 


0.0 

03,5 

None (11,4-11) . . . 

Til 

0.7 

B4.5 

"D"— 1% . 

- 20.9 

4.0 

07,0 

"IV*—1% . 

2H.IJ 

0.5 

. 70. 7 

“D M —i% . 

28. fl 

6.0 

71.0 

"D"—-1 % ...... 

28.9 

7.8 

59.9 

"IV-li'/r . 

28.8 

7.8 

32.3 

M V M —. 


0.2 

SI. 3 

"AO"— 4 *% . 

28.0 

0.5 

6^.5 

“T . 

20.4 

6.0 

77.0 

"TA"—& % - 

3i. r. 

2.0 

04.0 


• LplinI HlKnlflcant difference (5%), 14.6 liu/ncre. 


pearance of the plots some 10 days after spraying sug¬ 
gested that the mixed sprays would be lethal, but the 
plants made enough late second growth to produce some 
seed. The wetting agent did not increase the toxicity of 
the ester formulation on flax, although in another ex¬ 
periment it did increase injury of corn. These plots 
were fairly free of weeds and all spray treatments re¬ 
duced weed growth to an insignificant level. 

Corn at the luying-by (10-leaf) stage was sprayed 
with the sodium salt (monohydrate) at ^ lb per acre in 
47 gal water. The effects of various kinds and concen¬ 
trations of wetting agents on plant reaction and yield 
are shown in Table 2. Yields again are in bushels pet 
acre,- stalk reaction is on a scale of 0 for no response 
to 10 for all the stalks twisted and bent nearly to the 
ground. All of the wetting agents except “TA M were 
approximately equal in giving a significant reduction in 
yield at M TA M was an experimental compound 



Fiu. 1. New growth on sprayed soybean plants : upper 
left, water only ; lower left, 1% “P" : upper right, 2,4-D, 
500 ppm ; lower right, 2,4-D + \ % “D. M 


of a non-ionic type. In another experiment it was 
active on soybeans. Most of the surface-active com¬ 
pounds decreased the yield of corn by 10-15% when 
used alone because of the increased smut infection car¬ 
ried into the meristematic regions. The increased injury 
with increased percentages of agent “D” needs further 
investigation. It may represent direct toxicity at rates 
that reached 8 lb per acre, or it may mean more rapid 
surface action during the spraying operation. The wet¬ 
ting effoet was identical whether the ugont was mixed 
witli the 2,4-D spray or applied to the leaves and allowed 
to dry before spraying with 2,4-D. 

The striking effect of a wetting agent in increasing 
the toxicity of 2,4-D on soybeans is shown in Fig. 1. 
The plants were wet with a 500-ppm solution of the 
sodium salt of 2,4-D, except for the growing point, 
which was covered with a waxed cap, The figure shows 
the new growth made in the week following spraying. 
Growing points, and most plants, died when the wetting 
agent was added, but recovered from the 2,4-D alone. 

The toxicity of the sodium and amine Balts of 2,4-D to 
corn, flax, and soybeans has been increased five or more 
times by adding about 1% of commercial non soap wet¬ 
ting agents. Since several divergent types of agents 
have given the effect, it is probably not chemical in na¬ 
ture. Decreased surface tension and increased penetra¬ 
tion of the sprays seem to be the probable answer, but it 
is not a simple relationship. A non ionic wetting agent 
was ineffective on com but active on soybeans. An ionic 
agent of the lauryl Bulfate type gnve increased response 
up to 2.0% of the agent in a dilute 2,4-D spray, even 
though the spray surface tension did not vary signifi¬ 
cantly after tho first 0.05% of wetting agent was added. 

The effect of the surface agent has boon to increase 
the speed and severity of the plant reaction, but not 
necessarily to hasten death. No corn (moderately re¬ 
sistant) or flax (slightly resistant) plants have been 
killed by any of the treatments reported here. The ef¬ 
fect on weeds 1 b similar to the effect on crops. Re¬ 
sistant weeds show more injury but are not more readily 
killed. The main effect of the wetting agents, then, is 
to reduce the selective action of 2,4-D by which it is pos¬ 
sible to kill susceptible weeds with little injury to re¬ 
sistant crops. 

A special warning Is necessary on thiB point because 
of the practice of using soap to reduce precipitation of 
amines in hard water. Excess soap gives results similar 
to those reported here. The new sequestering agents 
which prevent precipitation by tying up calcium insoluble 
acetates appear to be free of this objection. 
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Hemolytic Disease in Newborn Dogs 
Following Iso immuniz ation of 
the Dam by Transfusions 1 

Lawrance E. Young, Donald M. Ervin, 

Richard M. Christian, and R. Wand all Davis 

Departments of Medicine and Pediatrics , 

The University of Rochester School of Medicine 
end Dentistry , Rochester, New York 

Four different iBohemugglutinins have been demon¬ 
strated in sera of dogs following transfusions with dog 
erythrocytes containing antigenic factors lacking in their 
own cells. The factors thus far identified serologically 
may conveniently be designated as “ canine A, B, C, and 
D" and the corresponding antibodies as “canine anti-A, 
-B, -C, and -D," In our experience to date, A antibodies 
have been most easily produced in high titer, and in 
many respects their behavior in vitro is similar to that 
of Rb antibodies. Possible relationships between anti¬ 
genic factors in dog red blood cellB and factors present 
in erythrocytes of other species are under investigation. 
Pending completion of these studies, it is convenient to 
refer to dog cells containing the canine A factor as * 1 Do- 
positive “ and to cells lacking the canine A factor as 
“Do-negative. M 

Observations on hemolytic reactions following trans¬ 
fusion of Do-positive cells into immunized Do-negative 
recipient dogs and of anti-Do plasma into Do-positive 
recipients are described in separate reports ( S , 4 , 5). 
The object of this paper is to record the production of 
hemolytic disease in four Do-positive puppies born to a 
Do-negative bitch (mostly pointer) that had been immu¬ 
nized by transfusions of Do-positive cells and then mated 
with a Do positive male (mostly German shepherd). 
Four Do-negntive puppies in the same litter showed no 
evidence of hemolytic disease, 

Erythrocytes of the four affected whelps were agglu¬ 
tinated by high dilutions of anti-dog-serum rabbit serum 
(positive direct Coombs’ test), and were also aggluti¬ 
nated when suspended in undiluted normal dog serum, 
presumably because the cells were coated with Do-anti- 
body. Unsuccessful attempts were made to separate tbe 
antibody from the puppies' cella by heating the cells at 
48° to 50* 0. Plasma drawn from the four unaffected 
Do-negative whelps agglutinated cells of the sire in a 
titer equal to that of the maternal serum at the time of 
delivery. Isoantibodies in tbe blood of the four affected 
Do-positive puppies, on the other hand, were apparently 
completely bound by cells, since plasma from these dogs 
did not agglutinate the sire's erythrocytes. 

The maternal isoantibody titer fell from 1: 04 (against 

*The Investigations described in this paper were carried 
nut under a contract between tbe University of Rochester 
and tbe Office of Naval Research and In part under contract 
with the U. S. Atomic Energy Commission at thp University 
of Rochester Atomic Energy Project. Rochester, New Tort. 


the sire's cells suspended in autologous serum) at the 
time of mating to 1:4 at the time of delivery. Tbe dam 
was not transfused during pregnancy, but was given 17 
ml of the sire's fresh citmted whole blood intravenously 
immediately after delivery. Breast milk from the dam 
agglutinated tbe sire’s red corpuscles in titers consider 
ably lower than those found in the maternal serum during 
tbe postpartum period of rising antibody titer. Absorp¬ 
tion of isoantibody from the milk by the puppies could 
not be demonstrated. It is significant that Do-antibodies 
could no longer bo detected in plasma from tbe unaf¬ 
fected Do-negative puppies on the 9th day, and Coombs ’ 
tests on cells of Do-positive affected puppies became neg¬ 
ative on the 12th day, despite the fact that all whelps 
suckled breast milk containing antibody for 24 days.* 

Erythrocytes from the four affected puppies showed 
increasQd susceptibility to lysis in hypotonic solutions of 
sodium chlorido, but spheroidicity of these cells could not 
be detected hi smears or wet preparations. Nucleated red 
blood cells and reticulocytes were more numerous in most 
of the smears prepared from blood of the affected pup¬ 
pies than in the Do-uegative puppies, but in some in¬ 
stances the differences were not striking. 

Only one Do-positive whelp showed icterus of skin and 
mucous membranes and was found to have distinctly in¬ 
creased concentration of bilirubin in the plasma. This 
puppy was moderately anomic. Another Do-positive 
puppy became severely anemic without developing jaun¬ 
dice. Neither icterus nor anemia of significance was 
found in the Other two Do-positive puppies. The severely 
anemic whelp and a normal litter mate were sacrificed 
for histologic studies on the third day. The affected ani¬ 
mat showed splenomegaly and more marked erythropoiesis 
in the liver and spleen. Tbe erythroid elements in the 
bone marrow, liver, and spleen of the affected puppy 
were also more immature than those in the marrow of thu 
normal litter mate. There was no evidence of kernic 
terus. The three remaining Do-positive puppies gained 
weight more slowly than their normal Utter mates, but 
ultimately made complete recovery. 

The observations cited are considered sufficient to es- 
tabliah the diagnosis of hemolytic disease of varying se¬ 
verity in the four puppies with erythrocytes containing 
a factor present in the red cells of their sire but lacking 
in the red cells of their mother. The four Utter mates 
with erythrocytes lacking this factor were apparently 
normal. A separate paper (5) will describe more com¬ 
pletely the observations on this litter and on litters born 
of dams immunised against other canine factors. 

Abelaon (I) has observed what appeared to be natu¬ 
rally occurring hemolytic disease in newborn dachshunds. 
It is beUeved, however, that the present report records 
the first unequivocal serologic and hematologic evidence 
of this disease in puppies born of a mother previously 
immunised by transfusions. These experiences suggest 
that hemolytic disease in dogs may be produced with 
some degree of frequency and that studies on this species 
may aid In clarifying (fertain aspects of erythroblastosis 
fetalis as it occurs in human beings. Opportunities for 
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controlled observations ou largo Utters aired by hetero¬ 
zygous males seem particularly attractive. 

In the litter described, the pups had suckled for about 
two hours before the first blood samples were drawn. Do- 
positive pups in three subsequent litters were similarly 
affected, but examinations of the blood before and after 
suckling revealed that most, if not all, of the Do-antibody 
was acquired from the dams' milk. 
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The Antithyroid Factor of Yellow Turnip 1 

E. B. Ascwood, Monte A. Greer, and 
Martin G. Ectlinger 2 


Since no pure chemical degradation product could l>c 
obtained from the goitrogen, its structure was deduced 
largely from, physical evidence. The compound in aque¬ 
ous solution was found to be a weak acid (pK. 10.5) and 
to have an intense ultraviolet absorption maximum at 
240 mp, and log e 4.24, which was shifted by alkali to 
232 mp, logs 4.00. In theso properties it closely re¬ 
sembled 5,5-dimethyI'2*thiobxazolidone (formula I), a 
natural product (J) of similar composition. Further¬ 
more, the infrared absorption spectrum of the unknown 
in chloroform solution exhibited a system of bands at 
2.9 p, 3.15 p, 6.6 p (inflected at 6.5 p), and 8.6 p, which 
was found to be highly characteristic of 2-thiobxazoli- 
dones, and contained two bands at 10.17 p and 10.B5 p, 
indicating the presence of a vinyl group (I). Coupled 
with the absence of torminal methyl groups, these facts 
required that the rutabaga goitrogen have the structure 
of a vinylthioftxazolidone. The observation that treat¬ 
ment of the substance with boiling 4N HC1 destroyed 
optical activity without liberating ammonia strongly sug¬ 
gested the attachment of the oxygen rather than the 
nitrogen atom to the allylic center of asymmetry. There¬ 
fore, the antithyroid factor of rutabaga was considered 
to be L-5-vinyl-2-thioiixazolidone (formula II). 


Joseph H. Prill Diagnostic Hospital; 

Department of Medicine, Tufts Medical School ; 
and Department of Chemistry, Harvard University 

It has been well established that goiter may be in¬ 
duced in laboratory animals by diets of certain vegetables 
such as cabbage, turnip, or rape. A recent study (£) of 
the antithyroid effect of various foods in man disclosed 
marked activity in the yellow turnip or rutabaga, Bras- 
siou napobrassioa. This antithyroid principle has now 
been isolated in crystalline form and its structure 
determined. 

The purification of the goitrogen was controlled by 
antithyroid assay of crude preparations in the rat, and 
later by measurement of the ultraviolet absorption spec¬ 
trum. The active substance was released from ground 
rutabaga root by extraction with cold water, and con¬ 
centrated by appropriate distribution between ether and 
alkaline buffers. The Concentrates so prepared could be 
crystallised directly from ether with the aid of seed 
crystals, which were originally obtained from material 
that had been further purified by distillation in high 
vacuum and chromatographic adsorption on alumina. 
The active principle was isolated in a yield of 0.2 gAg 
of root as colorless crystals of formula CbHtONS, mp 50 
(2% methanol solution). The same sub¬ 
stance was obtained from the root of white turnip, and In 
larger quantities (1-8 gAg) from the seeds of rutabaga, 
white turnip, cabbage, kale, and rape. Its antithyroid 
activity in man approximately equals that of 6-n-propyl-' 
thiouracil. 

1 This work was supported by grants from the U. S. Public 
Health Service and from the American Cyanamld Company. 

* Member of the Society of Fellows, Harvard University. 



The assigned formula was confirmed by synthesis. Re¬ 
action of butadiene 1,2-monoxido (foraula III) (4) with 
ammonia produced a mixture from which a pure amino- 
alcohol, in all probability l-amino-3-buten-2-ol (formula 
IV), was separated aB its acid oxalate, mp 131°. Con¬ 
version of this aminoalcohol to the dithioearbamate with 
carbon disulfide and alkali, followed by cycliaation with 
lead nitrate, furnished Di/-5-vinyl-2-thiobxazolidone, mp 
03°, which had the same infrared spectrum as the ruta¬ 
baga factor. L-l-Amino-B-buten-2-ol, obtained by reso¬ 
lution of the racemic aminoalcohol with D-a-bromocam- 
phor*ji-sulfuric acid, was similarly transformed into 
synthetic L-R-vinyb2-thio5xasolidon6, identical with the 
natural product. 
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Properties of Barium Titanate in Connection 
with Its Crystal Structure 

G. H. Jonker and J. H. van Santen 

Philips Research Laboratories 
Eindhoven, Netherlands 

In recent years the uncommon properties of barium 
titanate (BaTiO*) and some related compounds have at¬ 
tracted much attention. In rapid succession more than 
7U publications of various lengths have already appeared, 
and the subject has been given even more notice since it 
has become possible to obtain clear crystals from differ¬ 



ent melts (^). In the present paper we will discuss how 
the abnormal behavioT of these dielectric materials is 
closely related to the structure of the crystal lattice. 

First we give a general survey of the well known prop¬ 
erties of BaTiO,,, the influence of the temperature T and 
the field strength E on the dielectric constant e- Fig. 1 
shows the relation between g and T, when measured in a 
weak a-c field at a frequency between 1 kc and 10 meps. 
There is one very high peak in e at T= 123° C and two 
■mall ones at T -12° C and T = -70° C. The tempera¬ 
ture of 123° C ( 8 ) divides this graph into two tempera¬ 
ture regions where BaTiO a shows quite different proper¬ 
ties. At temperatures above 0 the polarization Is a linear 
function of the electric field strength, the dielectric losses 
are low, and the only remarkable thing is the steep fall 
of s with rising T. The dependence of e on T in this 
region is given by a very simple relation: 



A being a constant, approximately equal to the reciprocal 
valne of 3, the linear coefficient of thermal expansion. 
For BaTiO B we find experimentally 


_ 102.000 
,= r-aoa 


and 


Q = 0.MJ ■ 10-*. 


. In the temperature region below B the properties are 
completely changed, b is no longer a constant, but be¬ 


comes dependent on the electric field strength. The elec¬ 
tric polarization can be considered as composed of two 
ports: a linear part caused by electronic and ionio dis¬ 
placements, and a nonlinear part which can bo saturated 
at high field strength and which consists of dipole orien¬ 
tation (Fig. 2). The nonlinear part gives only a small 
contribution to the polarization at low field strengths; 
at higher field strengths, however, the contribution of 
this part gradually develops until saturation is reached. 
The filial slope of the hysteresis loop is approximately 
equal to the initial slope of the Initial curve. The dipole 
contribution causes hysteresis and remanence of polariza¬ 
tion, just as in the case of a ferromagnetic material. 

The temperature of the peak of e can be largely influ¬ 
enced by preparing mixed crystals with some other titan- 
ates, stannates, and zirconates. Only in the case of mix¬ 
tures with PbTiOj do we find an increase of 0 f all other 
additions reducing the value of 0. Solid solutions of 
these materials are possible, as they all have the same 
costal structure, the so-called perovskite structure (per- 
ovskite is the mineral CaTiO x ). Fig. 3 gives a general 
picture of the crystal lnttice, with a Ti-ion in tho center, 
O-ionB at the centers of the faces, and Ba-ions at the 
corners. In general this is a cubic lattice, but Gold- 
BChmidt (£) has already shown that there are only few 
really cubic perovskites. The possibility that three dif¬ 
ferent types of ions will fit in a parameterless cubic 
structure is not large. Strontium titanate is an example. 
The unit cell of BaTiO a shows a slight tetragonal defor¬ 
mation at temperatures up to 0. At this temperature a 
transition to the cubic form takes place. In the follow¬ 
ing sections we will discuss the relation between the 
crystal structure and the electric properties in the differ¬ 
ent temperature regions. 

The high temperature region. Let us consider BaTiO. 



Via. 2. Electric polarisation (P) as a function of field 
strength (E) : 1—-Initial curve, 2—Initial elope of Initial 
curve, tad 3—hyetereeJe loop. 
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Fio. 3. Unit cell o l barium tltannte. 

above its transition temperature. In this temperature 
region the substance behaves like a "normal 0 dielectric, 
except that tho dielectric constant 1 b exceptionally high 
and strongly dependent on temperature. Before discuss' 
ing these properties wo shall examine more closely the 
formulas giving the relation between the macroscopic 
dielectric constant and the properties of the component 
ions (or atoms). 

The well-known formulas of Lorcntz-Lorenz and Claus- 
ius-Mosotti become for BaTiO a 

= = ) (»■.<•> + <»*■<•>+3t.o">) (1) 

and 

= | + aTi<*>+3ao‘" + a<‘> J. (2) 

Here n denotes the index of refraction; N la the number 
of unit colls per cm a ; ttri (,, j ou> (0> are the optical 

polarizabilities of Ba, Ti and O ions respectively; a 1 is 
the contribution of ionic displacement polarization. 

One of the assumptions underlying eqs (1) and (2) is 
that the environment of every polarizable particle dis¬ 
plays cubic symmetry, the local polarizing field then 
being for each particle: 

3 

(E = electric field strength, P = polarization). 

For crystals for which this symmetry condition is not 
fulfilled, the Lurcnts-Iiorfinz and Clausius-Mosotti formu¬ 
las must be corrected and this can be done by adding to 
the polarizability ( 9 , 10) a correction term which de¬ 


pends on the geometrical structure of the lattice and on 
the polarizabilities of the ions. 

In the cose of BoTiO a (soe Fig. 3) some ions surround 
each other in a cubic way while others do not. For ex¬ 
ample a Ba-ion is surrounded cubieolly by Ba-iops (its 
six nearest neighbors are placed at the comers of a regu¬ 
lar octahedron) and by Ti-ions (the eight neighbors 
forming a cube). For oxygen ions, however, the micro¬ 
scopic symmetry is not cubic (its six nearest neighbors 
are two Ti- and four Bn-lons). Thus for BaTiO* in eqs 

(1) and (2), a correction term must be added to the 
expression between parentheses, but wre shall not use it 
here. In eq (1) the correction proves to be negligible. 

When we try to understand the high value of the dielec¬ 
tric constant of BaTiO a in its cubic temperature region 
there appear to be at least three contributing factors. 
First of all BaTiO fl possesses a high refractive index, 

namely 2.4"; thus in eqB (1) and (E) : ^ JVa^^O.flS, a 

d 

rather high value. It is easily seen from eqB (1) and 

(2) that now a relatively small ionic polarization can 
give rise to a high dielectric constant. The cause of the 
high index of refraction is the compactness of the BaTiO f 
lattice (the Ba- and O-ions form together a close-packed 
cubic structure, the Ti-ions being placed in the octahedral 
interstices) combined with the high optical polarizability 
of the O- and Ba-ions. In this connection we would re¬ 
mark that in general the optical polarizability of oxygen 
ions near Bmall, high charge positive ions appears to be 
much smaller than near large, low charge ions. In the 
case of oxygen ions next to (tetravalent) Ti ions, how¬ 
ever, this lowering of the polarizability of oxygen does 
not seem to take place. This high optical polarizability 
is found in many compounds containing Ti surrounded 
by six O-ions (TiO a in its modifications rutile [n*(D) = 
2.62, n.(B) = 2.90], anntase [»*(£) = 2.56, »i e (D) = 
2.49] and brookite [n a (D) =2.69, np(D) =2.59, n y (D) = 
2.70]; titanates with perovskite structure [CaTiO B 
n=2.38; BaTiO, n = 2.4 H ] ; pyrophanite, MnTiO., show¬ 
ing ilmenite structure [n,u(Z>) = 2.48, n e (Z>) = 2.21]). 

In the second place a high dielectric constant for 
BnTiO,, is favored by a large contribution from the Tl- 
ion to the ionic-displacement polarization. Goldschmidt 
(f) has remarked that the perovaklte structure ABO b 
would be stable only if the parameter 

f = 

(fij + to) V2 

were approximately unity (6). This is easily seen from 
Fig. 3. For t < 1 or t > 1 the ions A (e.g. Ba) or B 
(e.g. Ti) respectively have a relatively large space to 
move in; too large deviations of t from unity give rise 
to other structures. It appears that of all titanates, 
thorntes, zirconstes, cerates, and stannates, BnTiO k and 
FbTiO„ occupy a singular position, since the Ti-ion can 
move rather easily between its six nearest oxygen neigh¬ 
bors. This aneans that at the Ti-place a considerable 
ionic-displacement polarizability is localized, contributing 
to the term a'*’ in eq (2). 

A third circumstance favoring a high value of the 
dielectric constant is the particular structure of the 
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perpvakites. It appears that the correction term that 
hag to be added to the right hand Hide of eq (2) because 
of the insufficiently high symmetry of the perovskite lat¬ 
tice becomes considerable if at the place of the Ti-ion a 
polarizability is localized. Thus the "loosely bound’ 1 
Ti-ion not only gives its ** normal” contribution to a (n 
but also g*V6B rise to a correction term, ou. or ? which cannot 
be noglected. 

If we accept the given interpretation of the high 
dielectric constant of BaTiO fl , we can easily show that a 
strong dependency on temporature is to be expected (7). 
In order to explain this dependency, the occurrence of 
permanent dipoles in the high temperature region has 
been assumed by some authors. We think, however, that 
such an assumption should not be made since the follow¬ 
ing simple argument can give a quantitative explanation. 

Writing eq (2) with the correction term at or included 


ms 



(3) 


where a stands for a (e) +a< i) + a c „r, we find for the tem¬ 
perature coefficient 


I d E __ (e — 1 )(e + 2) 1 dN 1 da 

V 6T “ 3 e \N AT + a dT 


Putting 


I dN 

n dir 


= - 3(5 (p - coefficient 


of linear 


expan¬ 


sion) and approximating E -1 and E -h 2 by e, we obtain 
Prom eq (4): 


1 ri E 
IdT 


12 da 

3 a &T 


(5) 


or E — • 


1 


(O 


where T„ is an integration constant. 

We hnve already seen that experiments above the trail 
sition tempemturo 9 can be described by 

1 


From this it follows that 


E " P(T-fl) 


6T~ ’ 


(7) 


( 8 ) 

UJ. 

and 

T 0 -9, (0) 

The value of 0 can be expressed in terms of the dielectric 
constant s' measured at a temperature T* by 

P(u'+2) U} 

It is to l>e noted that to eq (7) a factor must be added 
in order to correct for the porosity of the titanato sam¬ 
ples. If we call e.. ( . the measured value of the dielectric 
constant of a sample with a small amount p of spherical 
holes, eq (7) becomes 

*-i" 

' ,,p- p(r-s) ‘ ( 7 ) 

As to eq (8), one might think that this equation is 
rather trivial. It is necessary, however, to discuss sepa¬ 
rately the temperature dependency of all three contri¬ 
butions to a = a ( *) + a* 4 * + cu-oi-. It is well known that 
increases with increasing temperature, since the re* 


storing forces playing a part in the infrared vibrations 
of the lattice decrease owing to the thermal expansion of 
the crystal. 

It can be expected that a**) also depends on tempera¬ 
ture since we have found that for many almple Ionic 
compounds like NaCl a (f) shows a positive temperature 
coefficient (S). 

It is difficult to predict the temperature dependency 
of a tor . From eq (B) we can infer that cancels the 

„ . .da<»> . d a < 4) 

effects of and 


It is 


interesting to 

t - 1 _ i 

Iil= T7"r 


notice 


the 

1 


analogy between 


(ii) 


tji tx 4„p(T-»)> 

where /., denotes the electric susceptibility, and Curie- 
Weiss’s law for paromagneticB 

v - - (12) 

= magnetic susceptibility, 6 m = Curie temperature). 

It must be emphasized, however, that the similarity is 
only a formal one. In the electric case x»i increases 
with decreasing T, since the number of polarizable 
particles per unit of volume increases (thermal contrac¬ 
tion effect) ; in the magnetic case x m « Bn increases with 
decreasing T } since the permanent magnetic moments can 
be morn easily oriented (Boltzmnnn-fnctor effect). 

All those considerations about polarizabilities and 
temperature-dependencies hold equally for mixed crystals 
of BnTiO a with other perovskites. Eq (10) enables us to 
explain the variation of the peak temperature 9 with the 
composition of the mixed crystals. By substitution, by 
means of the corrected Clausius-Mosotti formula, we find 

(10 ' ) 

where N ' and a' are the values of N and a at the tem¬ 
perature T'. 

Since all the variables in this formula show only a 
small and (to a first approximation) linear dependency 
on the composition, we see at once that 9 also varies 
linearly (Fig. 4). The variations of the product N' a' 
when replacing Ba by Sr are only small; because of 

the factor however, large effects on 9 result. 

P 

The low temperature region. Bet us consider a 
titanate dielectric below its transition point, and thus 
in the temperature region where spontaneous polarization 
occurs. In view of crystallographic considerations it 
is reasonable to ascribe this polarization mainly to a 
displacement of the Ti-ions from the centers of their 
octahedral interstices, Such an eccentric Ti-ion acts on 
its environment as if a Ti-ion were placed in the center, 
together with a dipole of moment equal to ionic charge 
x displacement, It is interesting to examine the inter¬ 
action of such dipoles more closely. The Ti-lons are 
placed at the points of a simple cubic lattice; thus it is 
evident that the state of lowest energy should be a 
macroscopic ally unpolarized arrangement where alternat¬ 
ing strings of dipoles occur, rather than a polarized ar¬ 
rangement where all dipoles are pointing In the some 
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Fia. 4. TrRiiHttlou points of mixed crystals of barium nml 
strontium tltnnate. 


direction (5). It is possible, however, to understand 
why in the porovskitc lattice the polarized state is 
favored, Let us consider a cross section through the 
lattice (Fig. 5). All Ti-ions are separated by easily 
polarizable O-ions, in which dipole moments can bo in¬ 
duced by the Ti-dipolos. It is easily seen that a par¬ 
allel orientation of a row of Ti-dipoles is favored by 
the oxygen ions A , which assume induced moments iu 
the same direction. Such rows of parallel Ti-dipoles 
are coupled together by oxygen ions B , the moments in 
these oxygon ions pointing in the opposite direction. 
For other positions of tho oxygen ions B such a coupling 


0 * 0 •o • o • 

• o, • o • o • o 

0*0-OO 

• O • 0-0-0 

• 0-- 0-0 • o 

o * o • o • o • 

Fin. S. Cross-section through the barium titanate lattice. 


would not occur. 1 The particular properties of the 
perovskite structure making the spontaneous polarisa¬ 
tion possible also give rise to a favorable deviation from 
the formula of CLauuus-MosoUi In the temperature re¬ 
gion above 6. The infrarod vibrations corresponding to 
tetragonal deformation have a small restoring force and 
give a large contribution to the ionic polarizability and 
thus to b. 

The transition temperature. Coming from high tem¬ 
peratures, the cubic form of BaTiO„ becomes at a certain 
temperature unstable with respect to the polarized tetra¬ 
gonal form ( 3 ) (probably a first-order transition). There 
arc two approaches to describing this transition, coming 
from the high and from the low temperature region. 

In the first place it is to be noted that the restoring 
force jUBt mentioned contains, besides positive contri¬ 
butions (e.g., tho Born repulsion), negative contributions 
arising from the polarization of the lattice during the 
vibration. In view of the close relation between this 
polnrizntion and e, the negative contribution to the re¬ 
storing force becomes increasingly important as e in¬ 
creases by the contraction of the lattice, so that at a 
certain temperature the negative prevails over the posi 
tive contribution, and as the corresponding frequency ap¬ 
proaches zero, a spontaneous deformation of the lattice 
occurs. At the same moment the dipoles, which piny 
such an important role in the low temperature region, 
are formed by a shift of the titanium ions in tho direc¬ 
tion of the elongated c-axls. 

On the other hand, we can start from the spontaneously 
polarized state. In the aoation on the low temperature 
region it was made plausible that the interaction between 
the Ti-dipoles takes place through the medium of the 
oxygen ions between them. Such an interaction must 
decrease as tho lattice expands, so that nt a certain tem- 
porature tho energy of interaction becomes of the order 
of hT and tho spontaneous polarization is destroyed, 

It is difficult at the moment, however, to treat those 
problems quantitatively, since data concerning internal 
forces are rather scarce and particularly because the 
ionic picture used is only a zero-order approximation. 
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Comments and 
Communications 

Late Pleistocene Dates Derived from 
Radiocarbon Assays 

Current research on natural radiocarbon (Libby, W. 
F., et al. Science, 1949, 103, 227) presents an oppor¬ 
tunity to learn the actual dates of origin of carbon-bear’ 
ing material less than about 35,000 years old. Such 
material includes, among other substances, buried soils, 
wood, charcoal, bone, and calcareous shells. 

If adequate amounts of this material are collected 
from horizons of accurately known stratigraphic position 
and are assayed, the dateB of these horizons (if less than 
about 35,000 years old) can be determined. The impor¬ 
tance of such dating for establishing the chronology of 
the later part of the Wisconsin age of the Pleistocene 
epoch is obvious. 

In particular, if the Mankato drift can be dated by 
this method, rough dates can be obtained for earlier 
Pleistocene glacial stages. Kay's estimates of the dates 
of earlier Pleistocene drift sheets were obtained by com¬ 
paring the depth of chemical decomposition of each of 
these drifts with the decomposition of the Mankato drift, 
for which nn age of 25,000 years was assumed (cf. 
Flint, Glacial geology and the Pleistocene epoch, 1947, 
p. 399). The application of radiocarbon assay to the 
Mankato drift should improve Kay's estimates materially. 

This research on naturnl radiocarbon is being con¬ 
ducted at the Institute for Nuclear Studies, University 
of Chicago, under the direction of W. F. Libby. Assays 
of carbon-bearing material can be made there promptly, 
if the material has great enough stratigraphic impor¬ 
tance. 

For the present, material for assay is being selected 
In collaboration with the Committee on Radioactive 
Carbon 14, appointed by the American Anthropological 
Association, under tlio chairmanship of Frederick John¬ 
son. The writer is serving on the Committee as mem¬ 
ber for geology. A number of projects, involving dntes 
that are especially desired, have bean set up. Those 
having primary significance for anthropology are named 
Early Man, Peru, Central and Northern Mexico, Meso¬ 
potamia and Western Asia, Scandinavia and Western 
Europe, Yukon-Alaska, California-Oregon, Hopowell- 
Adena, and Southeastern United States. In some of 
these projects the dating of archaeological material will 
also have direct significance for Pleistocene geology. 

Geologic material suitable for assay is loss abundant 
bud less intensively collected than archaeological mate¬ 
rial. The committee believes, however, that when geolo¬ 
gists having access to such material bto acquainted with 
the general problem and with sampling requirements in 
particular, they will very quickly supply samples of 
geological importance. 


Geologists working on late-Pleistocene stratigraphy 
are therefore urged to look for material suitable for 
assay. The requirements at present are as follows: 

1. The minimum quantity of wood for assay is It lb 
(dry weight). The minimum for shells is 4 lb because 
of their smaller content of carbon. 

2. An exact description of the locality and of the 
stratigraphic horizon from which the collection Is made 
should he sent with the material, and the basis of strati¬ 
graphic dating of the horizon should be stated. De¬ 
tailed photographs would also bo helpful. 

3. Evidence that the material is indigenous to the 
horizon from which it was collected, rather than having 
Leon derived from some older horizon, is important. 

4. Materials derived from two different horizons, each 
of known stratigraphic date superposed in vertical se¬ 
quence, are especially desired for the purpose of check¬ 
ing the accuracy of assay. 

5. Two or more pieces of material composed of dif¬ 
ferent substances (e.g., wood and bone), collected at dif¬ 
ferent points in a single horizon of known stratigraphic 
date, are also especially desired for assay checking. 

Any geologist possessing or having access to material 
that meets these requirements is urged to send the writer 
a full description of it. Please do not send the material. 

Richard . Foster Flint 
Department of Geology, Yale University 

A Note on Inexpensive One-Way 
Vision Material 

Many psychologists are interested in effective but in¬ 
expensive means of assuring ono-woy vision for obser¬ 
vation. The now commercial one-way vision mirror glass 
is far more effective and less streaky than curlier half- 
silvered mirrors, but remains very expensive. White 
painted screening, while cheap, Is not totally effective in 
barring vision into the observation room or booth. 

Some time ago the use of colored cellophane for this pur¬ 
pose was suggested (Pratt, J. G., Amer. J. Psychol., 1937, 
49, 309). While this note waB in press a similar one 
was describod: (Grummon, D, L. Amer. Psychologist , 
1949, 4, 114). However, in our experience, when enough 
layers of cellophane were used to bar vision in the wrong 
direction vision out of the booth tended to be obBcured 
to an undesirable degree. For several years now, we 
have successfully used uncolored, silvered cellophane for 
one-way vision material.* In our use, the material is 
placed on the observation'room si do of a double plate- 
glass window opening on o brightly lighted experimental 
room, The cellophane is hold in place with strips of 
scotch tape, so that the observation room may bo con¬ 
verted rapidly to a camera booth for filming through the 
window, 

Lawrence Joseph Stone 
Department of Child Study, Vassar College 

1 W« have obtained this material under the trade name 
‘Tly-Fllltona” In EO-ft rolls, 20-In. wide, for $2.BO from the 
H/‘BU Manufacturing Company. Revere, Uaaa. 
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Book Reviews 


George Ellett Cog bill] nm turalist and pbilo»opber. C. Jud- 

sou Herrick. Chicugo: Univ. Chicago Press, 1940. 

Pp. xi + 280. $5.00, 

In the small book which first made Coghill inter- 
nationally known, Anatomy and the problem of behaviour 
(Cambridge, Engl.: 1020), Coghill wrote In the preface 
that in Judson Herrick "I have enjoyed these many 
years a constant influence of orientation and stimulation 
in neurological work." The living friendship between 
* the two men lasted almost half a century. In the nature 
of their special scientific work, and in the breadth of 
their scientific and philosophical interests, Herrick and 
Coghill not only were very similar, but helped each other 
to arrive nt this similarity. Nothing, then, could be 
more appropriate than that Herrick should write the 
story of Coghill ’a life and work and its significance. 

It may at once be said that this is an extraordinarily 
good book. It should bo read by the whole scientific 
confraternity, especially by those younger men who are 
about to enter its not untroubled domain. And if only 
the lay public could be persuadod to read this book, about 
the lifo, work, and vicissitudes of a great representative 
American man of science, it would be much to the advan¬ 
tage of society in general and to the scientist in par¬ 
ticular. 

Herrick makes the story of tho life of science as lived 
by Coghill, the development of his science, and the inter¬ 
relationship of the two thomeB, tho vehicle for a most 
cogently expressed plea for tho hunmnization of* science, 
"My thesis," writes Herrick in his prefaco, "is this: 
The traditional code of science—that is, tho objectives 
sought and the methods of investigation—cannot satisfy 
the requirements of our critical times, and this is why 
science hns failed to measure up to the opportunities and 
obligations before it, The generally accepted ideas of 
what natural science is and what It is for are out of date 
and need radical revision. We have been taught for 
centuries that pure science is a system of facts and im¬ 
personal abstractions, devoid of human interest and with¬ 
out concom for values. It ian 't, and it cannot be. The 
time has come to recognise the humanistic value of sci¬ 
ence—Bo-culled puro science, I mean—and to adjuet our 
practice accordingly." 

And again, in the epilogue: "Scientific facts ore not 
worth what it costs to discover them unless they can be 
so interpreted ns to lead to value-judgments as guides 
to more satisfying purposeful action." 

This book Is one of the best proofs of thiB thesis. 

The book is divided into three parts. The first is de¬ 
voted to the life of Coghill living his science. Scientists 
will read this chapter with admiration, and perhaps not 
altogether with astonishment at the academic disaster 
which was so unjustly and so cruelly visited upon Coghill. 
The socond part contains the best and most readable 
account of Coghill’s important work and its significance 
that has thus far appeared. The third part is devoted 


to an invaluable discussion—in dialogue form—of Cog¬ 
hill ’s philosophical outlook. Five appendices are dovotod 
to notos, a list of published works nud manuscripts, sup¬ 
plementary biographical data, dntn on the killfish, and 
acknowledgments. There is a good index. 

This is a groat book on one great American man of 
science by another. 

M, F. Abjiley Montagu 

Hahnemann Medical College 

Science at war. J. G. Crowther and R. Whiddington. 

New York ]6: Philosophical Library, 1048. Fp. 

iv + 195. (Illustrated.) $0.00. 

The output of books on tho late war hns only begun. 

A large number of purely factual reports have come out, 
written to give tho general public an idea of what went 
on. But tho controversial books, written in an attempt 
to draw lessons or conclusions from tho conflict, aro just 
beginning. Blnckett's Fcar f war and the bomb is one 
nnd Fuller's History of World War II is another, Icbb 
disagreed with than the former, though nearly as thought- 
provoking. 

Science at war is one of the factual reports, this time 
about the contributions of British scientists to the war 
effort, particularly in radar, operations research, nuclear 
physics, nnd undersea warfare. It is a counterpart to 
the Little, Brown scries on Science in World War II, 
which treats of the American contribution; and a com¬ 
parison of the English book with tho American series, 
particularly with J. P- Baxter's Scientists against time, 
is enlightening. 

One notices that the British book is more concerned 
with the scientific ideas and factual content involved in 
the developments, whereas the American effort spends 
more time on questions of organisation and personal 
aspects. Baxter's book is easier to read, but if one is 
persistent one will gain more understanding of tho work¬ 
ing principles of rod&r and of asdic, for in stance, from 
Crowther and Whiddington. In porticulnr, their section 
on rndar, with its many clarifying pictures, is well worth 
careful reading. 

Reading both books produces some confusion at first, 
for they are, to some extent, mutually exclusive. To read 
Science at war gives one the impression that 00 percent 
of the contribution was made in England, whereas Bax¬ 
ter's book gives the Impression that 75 percent was done 
over here. "This semichauvlnism is understandable, of 
course, for each author's task was to report the contri¬ 
butions of hie own country's scientists and he could not 
do this by spending much time on (to him) foreign 
developments. One only hopes that, sometime, a com¬ 
plete history'will be written, placing all contributions in 
their proper relation. 

Of particular interest is the section on operational - 
research, since this aspect of science's contribution was 
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so inadequately covered in the American series. Crowther 
and Whiddington give an interesting, though somewhat 
fragmentary, discussion of early developments, and a 
very clear presentation of the scope and methods of this 
new branch of applied science. A number of examples 
of the application of the methods are given, then a dis¬ 
cussion of general principles which is adequate, though 
not as complete or satisfactory as the famous articles 
of Blackett arid of Goodeve. 

The discussion on the atomic bomb adds nothing be¬ 
yond what is contained in the Smyth report, other tiian 
a bit more detail of the British contributors and their 
early activities before coming to the United States to 
work foT the Manhattan District. 

The chapter on “Science and the Sea," on the other 
hand, contains much on mines and minesweeping that is 
not to be found in American books. This is, of course, 
owing to the fact that our forces had very little trouble 
with mines, wliorcriB the British suffered considerable 
loss, cape^ally because of the magnetic mine, which they 
hnd solved and countered before our entry into the wnr. 
The discussion of submarine detection is brief, but fairly 
complete. 

On the whole, this book ia a readable and interesting 
volume, a useful complement to our own reviews. 

Philip M. Morbe 

A fassachusetts Institute of Technology 

Blood transfusion, Elmer L. DeGowin. Robert C. Hardin, 

and John B. Alsever, Philndelphia-London: W. B. 

Saunders, 1D49. Pp. xii + 587. (Illustrated.) $9.00. 

A valunhle if expensive lesson from the recent World 
Wnr was the important uses of blood, plasma, and plasma 
derivatives in the specific therapy of many conditions 
previously treated only symptomatically if at all. The 
very low mortality in the members of the armed forces in 
this war has been credited in part to the free use of these 
materials. When the many experienced physicians re¬ 
turned from military service to civilian practice, they 
demanded more blood and blood fractions for everyday 
surgery, emergency medicine, and replacement therapy. 
This has lead to a considerable increase in blood banks 
and a great demand for many more. 

To answer the many questions which the physician asks 
regarding blood transfusion, there has been an unusual 
paucity of authoritative and up-to-date text books. The 
appearance of Blood transfusion by DeGowin, Hardin 
and Alsever can justifiably be acclaimed as the answer to 
many a physician's prayer and a standard source of 
Information which should help the everyday practitioner, 
the beginner in blood bank work, and the experienced 
director of such an operation who encounters problems 
of management. 

It Is well to know the authoritative background for this 
book. Elmer L. DeGowin has been, for almost ten years, 
the director of a large blood transfusion service and has 
served as a member of the. important Committee on Blood 
and Blood Derivatives of the National Research Council, 
Robert C. Hardin *as senior consultant In blood trans¬ 
fusion in the European Theatre of Operations and in 


clmrge of the European Theatre of Operations Blood 
Bank iu Paris. John B. Alsever had considerable ex¬ 
perience as director of the Blood Plasnm and Dlood Donor 
Services for the Office of Civilian Defense and the Ameri¬ 
can National Red Cross during tho war. 

Such a wealth of personal cxpericneo cannot help but 
yield valuable information on blood transfusion, blood 
bank management, and allied problems. In addition, the 
authors hnvo reviewed the literature comprehensively 
and bring a widely scattered bibliography up to date. 

If any criticism of thiB much-needed text is possible, it 
is that recent advances in this field are continuing so 
rapidly that already new techniques and new thernpeutic 
possibilities not described here are being exploited. The 
chapter on tho uso of blood derivatives, one of the most 
challenging advances in medicine, is too brief in view 
of these recognized future possibilities. 

It is hoped that this volume will be ns widely read as it 
needs and deserves to be and that new editions will keep 
the book in its present position of absolute leadership in 
this field. 

Louis K. Diamond 

Children’s Hospital, 

Boston, Massachusetts 

Contribution a VEtude do lo Structure M oleculaire, (Vol¬ 
ume Commemoratif Victor Henri.) With prefaces by 
L. Brillouin and J. Duchesne. Lit^ge, Belgium: Maison 
Desoer, 1947-1948. Pp. xiii + 314. (Illustrated.) 
Victor Henri will long bo remembered for his signifi¬ 
cant contribution to the experimental work Ln molecular 
spectroscopy. His death, while he was working as a 
physicist in the service of his country, came at a time 
when there was little time to pause ond pny respect to 
his memory. His former students and colleagues re¬ 
solved, however, when times again became more normal, 
to memorialize his contribution with a volume of works 
in the field where he had served as so grent n stimulation. 
This volume of papers is eutitled Contribution to the 
study of molecular structure and contains 26 contribu¬ 
tions by 30 authors, in addition to two prefaces by L. 
Brillouin and J. Duchesne. 

It is not possible in a review of this nature to comment 
critically On a compilation of so great a diversity. One 
cannot avoid, however, observing that the list of authors 
is studded with stars from the field of molecular struc¬ 
ture and molecular spectroscopy. Borne of the authors 
are physicists, some are chemists; some are experimenters 
and some are theoretical scientistsbut all are well known 
in an international sense. 

The volume represents a compilation that every student 
of the structure of molecules will want to possess and 
will want to refer to again and Again in his more creative 
work for many years to eome. It should, therefore, ad¬ 
mirably serve its purpose, namely, to keep the name of 
Victor Henri alive among the men who serve where he 
left off. 

Habald H. Nielsen 

Mendenhall Laboratory of Physios, 

Ohio State University 
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NEIVS 
and Notes 

Karl T. Compton has been elected 
director of the McGraw-Hill Publish¬ 
ing Company. Dr. Compton Is chair¬ 
man of the Research and Develop¬ 
ment Bonrd of the National Military 
Establishment ami chairman of the 
Corporation of the Massachusetts In¬ 
stitute of Technology. 

H. B. Mann, professor of mathe¬ 
matics at Ohio State University, lias 
been appointed visiting professor at 
the University of California for the 
academic year 1949-50. Dr. Mann, 
who recently took several months' 
leave to head a project at the Ap¬ 
plied Mathematics Laboratories of 
the National Bureau of Standards, 
has returned to Ohio for the summer 
quarter. 

Allen Goodrich Shemtone, of 

Princeton University, has been ap¬ 
pointed acting chairman of tho De¬ 
partment of Physics in the absence 
of Henry de Wolf Smyth, who is on 
leave as a member of the Atomic 
Energy Commission. 

Albert Claude, associate member 
of tho Rockefeller Institute, has been 
appointed professor at the Unlver- 
aity of Brussels, and director of the 
Institut Jules Bordet. 

Nelson Marshall, director of the 
Virginia Fisheries Laboratory, has 
been appointed dean of the College 
of William and Mary. He will con¬ 
tinue to servo in the laboratory, 
which is an associated organisation 
of the college. 

Wallace R. Brode, associate di¬ 
rector of the National Bureau of 
Standards, has been appointed a 
member of the Board of Governors 
of the American Institute of Physics 
to replace the late A. H. Pfund of 
Johns Hopkins University, Dr. 
Brode will represent the Optical So¬ 
ciety of America; he is a member of 
the Society’s Board of Directors and 
associate editor of its journal. 


Julius S. Youngner, formerly of 
the National Cancer Institute has 
been appointed assistant research 
professor of bacteriology at the Uni¬ 
versity of Pittsburgh's School of 
Medicine. 

John C. Warner, head of the 
c(iomistry department of the Cnr- 
uegie Institute of Technology, has 
boon named president-elect to suc¬ 
ceed Robert E. Doherty, who will 
retire on July 1. 

Visitors 

Recent visitors at the National 
Bureau of Standards were: Hadji 
Argyris, head of the aircraft struc¬ 
tures research group of the Royal 
Aeronautical Society of Great Brit¬ 
ain; G. McAIplne, engineer with 
Kelvin B otto ml uy and Baird, of Eng¬ 
land; A. Strasheim, head of the 
Spoctrochemical Soction, National 
Physical Laboratory, Union of South 
Africa; Andrd Houpeurt, chief of 
the Production Laboratory, French 
Institute of Petroleum, Paris; Edy 
Velander, director of the Royal 
Swedish Academy of Engineering 
Sciences, Stockholm. 

N. Kurti, physicist of Oxford Uni¬ 
versity, England, will take part in 
the Symposium on Modern Physics to 
be held at Oak Ridge, August 22- 
Soptember 2. 

Grants and Awards 

The Charles Goodyear Medal lor 

outstanding achievement in rubber 
chemistry was awarded to Huny L. 
Fisher, director of organic research 
of U. S. Industrial Chemicals, Inc., 
at the May 24 meeting of the Ameri¬ 
can Chemical Society's Rubber Di¬ 
vision, in Boston. 

The first Latter N. Hofheivner 
Research Award of fifteen hundred 
dollars was given to Benjamin Pasa- 
manick, head of the Children's 
Service, Division of Psych Latry, 
Kings County Hospital, Brooklyn, 
New York, at the recent convention 
of the American Psychiatric Asso¬ 
ciation. The award is offered teethe 
psychiatrist under 44 years of Age 
who has published the best research 
in the preceding three years. Dr, 
Hofhoimer's paper “A Comparative 


Study of Behavioral Development of 
Negro Infants'' appeared in the 
Journal of Genetic Psychology, 1946, 
Vol. 09. 

Ward Harrison, retired director of 
the Engineering Division of General 
Electric Lamp Department, has been 
awarded the 1949 I. E. S. Gold 
Medal by the Illuminating Engi¬ 
neering Society for his contributions 
to all phases of illumination develop¬ 
ment. The award will be presented 
at the I. E. S. National Technical 
Conference to be held at French 
Lick, Indiana during the week of 
September 19. 

H. Trondley Dean, director of the 
National Instituto of Dental Re¬ 
search, will receive tho Gorgas 
Award for outstanding contributions 
in the field of military medicine. 
It will be presented November 11 at 
the annual banquet of the Associa¬ 
tion of Military Surgeons of the 
United States, which selected Dr. 
Doan for the award. 

Recipients of the first Medical Li¬ 
brary Association scholarships, 
from funds granted by the Rocke¬ 
feller Foundation are: Lydia Pazos 
F6rez, assistant tu tho director of the 
Library of the Faculty of Medicine, 
University of Havana; Maria Alicia 
Icquierdo Guzman, assistant in the 
Library of the Faculty of Medicine, 
University of Chile; and Maria Jos4 
Less a da Fonseca, librarian of the 
Faculty of Medicine, University of 
Silo Paulo, Brazil. 

Fifteen winners of the 1949 Indi¬ 
ana Science Talent Search weie 
given memberships in the AAAS by 
Walter Leckrone, editor of the In¬ 
dianapolis Times. The awards were 
presented by the chairman of the 
Talent Search Committee, R. W. 
Lefler, Department of Physics, Pur¬ 
due University. 

Alfred P. Sloan, Jr., has given one 
million dollars to the Maaaachuaetta 
Institute of Technology for its new 
metala-prooeeeing laboratory, The 
laboratory is to be named for Mr. 
Sloan. 

Eli Lilly and Company of Indi¬ 
anapolis has awarded nine thousand 
dollars to John C. Krantz, Jr., pro¬ 
fessor of pharmacology, University 
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of Maryland School of Medicine, 
for research on the action of drugs 
usdful In the treatment of hyperten¬ 
sion and cardiovascular diseases. 

Howard E. Fritz, vice president of 
the B. F. Goodrich Company in 
charge of research, was named 1949 
winnor of the Lamme Medal of 
Ohio State University, on June 10. 
Dr. Fritz *wns cited for his develop¬ 
ment of Korosonl and rubber prod¬ 
ucts for use in chemical engineering 
Industries. 

Colleges and Universities 

Rhode Island State College, with 
the cooperation of the Woods Hole 
Oceanographic Institution, has estab¬ 
lished a graduate student training 
program in biological oceanography 
and marine fisheries biology. In¬ 
struction and supervision of research 
will be provided by members of the 
staffs of the two institutions, with 
emphnsiB placed on open ocean in¬ 
vestigation. Arrangements are 
hoing made for a limited numbor of 
students who will enroll as candi¬ 
dates for the M.B, degree in marine 
biology. The first year will be 
spent in Kingston and at the Nar- 
ragansett Marine Laboratory; the 
second year nt Woods Hole. Those 
qualified for basic oceanographic re¬ 
search will occupy quarters pro¬ 
vided for them in the Woods Hole 
Oceanographic Institution, and those 
preparing for a career in applied 
fisheries biology may he Unsigned to 
the U, B. Fish and Wildlife station. 
The program is under the general 
supervision of Charles J. Fish and 
applications should be addressed to 
the Director of Admissions, Rhode 
Island Stnte Colloge, Kingston, R. I. 
Candidate& for this curriculum may 
also make application for a fellow¬ 
ship. There are five available at 
the rate of $1,500 per year. 

Meetings and Elections 

Computers. More than two hun¬ 
dred people assembled at Oak Ridge 
last April to attend a meeting of the 
Association for Computing Machin¬ 
ery. The program was devoted pri¬ 
marily to an assessment and evalu¬ 
ation of large scale computing 


machinery as a scientific tool, and to 
discussions of the hazards that beset 
the unwary user. But there were 
side attractions too, such as a visit 
to the American Museum of Atomic 
Energy, How permanently installed 
in Oak Ridge, and a demonstration 
of the IBM Corporation's new model 
604 multiplier. 

The demand for high speed auto¬ 
matic machinery becomes increas¬ 
ingly grcnt in nil phases of science 
and technology, nuclear science along 
with the rest. In atomic energy lab¬ 
oratories, IBM Installations are 
standard equipment for scientific 
computing. Considerable use is being 
made of tho EXIAC, the SSEC, and 
Harvard's Mark I, and some of the 
improved versions now under develop¬ 
ment will no rloulit be acquired. This 
was tho motivation for holding the 
meeting in one of the principal cen¬ 
ters of atomic research. There were, 
however, other organizations inter¬ 
ested in the use or development of 
these machines represented on the 
program and among the attendance. 

The National Bureau of Standards 
had the largest representation on the 
program with a total of six papers. 
Some papers denlt with computa¬ 
tional techniques for large scale cal¬ 
culations and the special difficulties 
that arise therein and some dealt 
with problems of design. At least 
five of the papers represented work 
done, in whole or in part, for the 
armed forces, not to mention the 
banquet speech by Nina Rees, of the 
Office of Naval Research, on "The 
Forgotten Mnn of Computing." A 
brief report on developments in Aus¬ 
tralia was given by T. G. Room, of 
the University of Sydney. 

Besides the classical problems of 
solving complicated equations and 
systems of equations, two more re¬ 
cent computational techniques were 
discussed. One is an application of 
the theory of gnmeB; the other is 
the use of stochastic methods, or 
wliat is now called the Monte Carlo 
Technique. Of these, the former has 
importance for the military, the lat¬ 
ter is much used in atomic energy 
research. Both are distinctly tech¬ 
niques for largo scale computing. 

Although most of the program was 
devoted to digital machines, two 
papers dealt with machines of the 


analogy typo. One was by B. H. 
Caldwell, on the differential ana¬ 
lyzer; the other by Ray Peplnsky, 
whose machine for use in crystal 
analysis hm received much acclaim 
since its recent completion. 

Special efforts wore made by the 
Oak Ridge Institute of Nuclear 
Studies, one of the sponsors of the 
meetings, to bring out interested re¬ 
search workers from the academic 
institutions of the Southeast. This 
was thought dosirable because as 
more machines become available their 
use in academic roBonrch will spread. 

Besides the Institute, the other 
sponsors of the meetings were Oak 
Ridge National Laboratory, Carbide 
and Carbon Chemicals Corporation, 
and Fairchild Corporation, NEPA 
Division. 

A. B. Householder 

A symposium on modem physics 
will bo hold at Oak Ridge August 
22-September 2, under the sponsor¬ 
ship of the Oak Ridge National Lab¬ 
oratory and the Oak Ridge Institute 
of Nucloar Studies. The 32 lectures 
to be given will include such topics 
as the current status of meson theory, 
the new quantum electrodynamics 
recent progress in low temperature 
physios, declassified nuclear reactor 
theory, and classical nuclear physicB. 
The lecture staff will be composed of 
physicists who are spending the sum¬ 
mer at the laboratory—among them 
S. M. Pnncoff, University of Hlinois; 
J. C. Daunt, Ohio State University; 
Eugene Feenborg, Washington Uni¬ 
versity; Hubert M. James, Univer¬ 
sity of Illinois; and Alvin M. Wein¬ 
berg, Oak Ridge National Labora¬ 
tory. 

The American Mathematical So¬ 
ciety will hold its 55th summer meet¬ 
ing nt the University of Colorado, 
Boulder, August, 30—September 2, 
in conjunction with tho summer meet¬ 
ings of the Econometric Society, 
the Institute of Mathematical Sta¬ 
tistics, and the Mathematical Asso¬ 
ciation of America. The 31st collo¬ 
quium, On topological dynamics, will 
be presented by G. A* Hedlund, of 
Yale University. 

The Second International Bio¬ 
metric Conference will be held at 
the University of Geneva 1° Switzer¬ 
land on August flOnpIptember 3, 
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under the sponsorship of the Bio- 
metric Society. Aspects of bi¬ 
ometry which will be considered in 
the scientific sessions include recent 
applications in genetics, teaching 
and education, experimental design, 
the present status of the science, in¬ 
dustrial applications and biological 
assay. The conferences will close 
with a session of contributed papers. 
Further information and reserva¬ 
tions are obtainable through the 
Secretary of the Conference Com¬ 
mittee, Professor Arthur Linder, 24 
Avenue de Champel, Geneva, Switz¬ 
erland. 

■ 

The First International Congress 
of Civil Engineering was held in 
Mexico City April 30-May 7, at the 
invitation of the Col6gio de In- 
genie fob Civiles de Mexico. Approxi¬ 
mately BOO civil engineers were in at¬ 
tendance—nearly 200 from outside 
Mexico, with 24 countries repre¬ 
sented. The technical program in¬ 
cluded some 175 papers dealing with 
all aspects of civil engineering, with 
particular emphasis on practice 
throughout the Latin American coun¬ 
tries. Technical works visited on in¬ 
spection trips during the week In¬ 
cluded the Lerma Elver water supply 
project of Mexico City, Valsequill* 
Dam In the State of Puebla, and 
the Tecjunochalco Experimental Lab¬ 
oratory of the Department of Hy¬ 
draulic Resources. Following the 
congress, there were trips for a 
number of the delegates to civil 
engineering works of Interest at 
more distant points. It is plonned 
that the Second International Con¬ 
gress of Civil Engineering will be 
held in 1953 nt o location to be de¬ 
termined later, possibly Brasil or 
Puerto Hlco. 

Industrial Research Institute, 
Inc., New YotU City, elected the fol¬ 
lowing officers at Its annual meeting 
May 28-25; J. H. Schaefer, Ethyl 
Corporation, president; C. F. Rnss- 
weller, Johns-ManvUle Corporation, 
vice president. C. G. Worthington 
was reappointed secretary-treasurer. 

Lewis L. Strauss, member of the 
U, & Atomic Energy Commission, 
was elected president of the Corpor¬ 
ation of the Institute for Advanced 
Study, Princeton, New Jersey at its 


recent annual meeting. Herbert H. 
Msoss of New York, who had been 
both president and chairman of the 
board, was reolected chairman of the 
board. 


The Latin American Unesco 
Field Science Cooperation Office, 
following the suggestion of the Latin 
American Conference of Scientific 
Experts held in Montevideo in Sep¬ 
tember, 1948, is collecting for publi¬ 
cation biographical and technical 
data on scientists and scientific insti¬ 
tutions and societies. 

All Latin American scientists and 
scientific organizations are invited to 
send any possible information on 
their activities to Centro de Coopera- 
ci6n Cientiflca para Am6rica Latina 
de la Unesco, Agraciada 1875, Mon¬ 
tevideo. 

The New York Zoological So¬ 
ciety has just placed on exhibition 
a collection of rare birds and mam¬ 
mals captured by its Belgian Congo 
Expedition, which roturued June 15. 
Charles and Emy Cordior, animal col¬ 
lectors for the society, spent over a 
year and a half assembling the two 
hundred specimens, which include a 
baby mountain gorilla, an okapi, 
Congo peacocks, black guinea fowl, 
giant pangolins, aardvarks, at least 
seven kinds of monkeys, elephant 
shrewa, a flnfoot, and sunbirds. 

One of the most difficult problems 
facing the Cordiens on their return 
was that of providing a substitute 
diet for the animals. Giant pan¬ 
golins and aardvarks feed on tor- 
mites; elephant shrews subsist on a 
diet of grasshoppers. Mr. Cordier 
has accustomed these mammals to a 
diet ittolu4ing raw meat, eggs, and 
milk. Sweet potato leaves, custo¬ 
mary food for the Colobus monkeys 
and antelopes, have been supplied to 
the Bronx Zoo by the A and P gro¬ 
cery chain. 

The AuitralLan Council for Sci¬ 
entific and Industrial Research, a 
body responsible to the fedoral 
government through a cabinet min¬ 
ister, has recently been reconstituted 
as the Commonwealth Scientific-and 
Industrial Research Organization. 
The change iu name is accompanied 
by some ehnnges in administration, 
concurrently with the election of a 


new executive body. This body 
of the C.S.I.R.O. has now assumed 
greater responsibility, although the 
full council still functions in an ad¬ 
visory capacity to the executive. The 
Australian Commonwealth govern¬ 
ment announced on May 18 that the 
new executive would consist of the 
following: chairman, Iun Clunies 
Robs; chief executive officer, F. W. 
G. White; both fornior members of 
the executive of C.B.I.B, The ap¬ 
pointments will be for Beven years. 
They succeed respectively Sir David 
Rivett, F.B.S., who will however, re¬ 
main associated with the new organi¬ 
zation as chairman of the advisory 
council, and A. E. V. Richardson, 
whose ill health has necessitated liis 
retirement. The third full time ex¬ 
ecutive member will be B. H. Bastow, 
formerly chief of the Division of 
Tribophyslcs, C.S.I.H., appointed for 
five years. The fourth member will 
be D. A. Mountjoy whose three year 
term expires next November. H. J. 
Goodes, assistant secretary, Common¬ 
wealth Treasury, has been appointed 
for three yeare to the fifth seat on 
the executive. 

The reason for reconstitution of 
the council is the desire of its mem¬ 
bers, and Australian scientists gen¬ 
erally, to avoid restrictions in carry¬ 
ing out fundamental scientific re¬ 
search devoted to the development 
of Australian resources and indus- 
tries. During the war, responsibility 
for a considerable amount of both 
fundamental and applied research 
for supply departments and the 
armed forces devolved upon the 
C.B.I.R., but it is tho wish of the 
government and of scientist* in Aus¬ 
tralia that complete freedom be re¬ 
tained, as far as possible, for post¬ 
war research In nonmilitary matters, 
which are rightly the concern of 
C.S.I.R.O. j Consequently, research 
work of a nature which should be re¬ 
stricted because of its Importance to 
national defense is now to be carried 
out by the Department of Supply 
and Development, which has assumed 
the responsibility fur the administra¬ 
tion of the Division of Aeronnutica 
(formerly a division of C.8.I.R.), 
Defense Research Laboratories (for¬ 
merly Munitions Supply Labora¬ 
tories), ami the Long Range Wea¬ 
pons project 
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A four-year survey of the sky 
will begin July 1 at P&lomar Obser¬ 
vatory, under the joint sponsorship 
of the National Geographic Society 
and the California Institute of Tech¬ 
nology. The aim of the project is 
to provide a comprehensive sky atlas, 
foT use primarily in selecting areas 
and objects for intensive study with 
more powerful telescopes. 

Falomar's 46-inch Schmidt tele¬ 
scope, which will be used for the 
photomapplng, has already been in 
operation for two or three yeara, 
piling up work for the observa¬ 
tory’s new 200-inch teloscope. The 
Schmidt’s wide angle lens, which can 
focus on a single 14 x 14-inch plate 
a swathe of sky equal to a dozen 
diameters of our moon, will scan the 
sky in broad quadranglos. Identi¬ 
cal exposures through blue and red 
Alters will be made for each area. 
Palomar., astronomers expect to ob¬ 
tain no more than four pairs of 
matching red and blue plates in a 
■ingle night, even undeT ideal weather 
conditions. A blue exposure takes 
30 minutes; a red, about an hour. 

Three-fourths of the heavens can 
be reached from Polomar with high 
accuracy; an additional ten percent 
can be covered in some degree. A 
supplementary survey of the re¬ 
mainder will be made after the four- 
year study is completed. The Palo- 
mar survey will record some five hun¬ 
dred million starB and perhaps ten 
million complete stellar systems of 
extragolactic nebulae. The resul¬ 
tant sky atlas, equivalent in sice to 
20 large volumes, will comprise re¬ 
productions of more than 2,000 over¬ 
lapping plates. 

The Schmidt telescope, invented 
in 1930 by Bernhard Schmidt, was 
the most significant advance in astro¬ 
nomical instruments for several dec¬ 



ades. Parabolic reflectors like the 
200-inch at PalomaT have a very small 
fleld^-only a fraction of a degree— 
and of that small field only a small 
area in the center is well defined. 
Schmidt discovered how to get sharp 
definition at low focal ratios. He 
did this by interposing at the center 
of curvature of a spherical mirror a 


—Photos by National Geographic Society 


ROSETTE NEBULA. Enlarged sec¬ 
tion of a Schmidt photograph show¬ 
ing a portion of the Milky way in the 
constellation of monoceros. 


EDWIN P. HUBBLE, Mt. WUboxi 
astronomer, who will direct the “Big 
Schmidt” sky survey at PalomaT Ob¬ 
servatory in California. 

thin correcting plate, deformed so us 
to parabolise the sphere, so to speak. 
By this means, light fays, first re¬ 
fracted by the correcting lens and 
then reflected from the miTror, focus 
uniformly on the photographic plate. 
For speed and convenience the 
Schmidt camera serves as the minia¬ 
ture camera of astronomy. 


Make Plans for— 

Nadonil Education Aaaociatlon, 

July 3-8, Boston, Massachusetts. 

American Educational Research 
Association, July 4, Boston, Massa¬ 
chusetts. 

American Veterinary Medical 
Association, July 11-14, Detroit, 
Michigan. 


1st International Congress of 
Biochemistry, August 19—25, Cam¬ 
bridge, England. 

4th International Conference of 
the International Association of 
Quaternary Research, August 22- 
September 15, Budapest, Hungary. 

International Union for the Sci¬ 
entific Study of Population, August 


27-September 3, Geneva. 

British Association for the Ad¬ 
vancement of Science, annual meet¬ 
ing, August Sl-September 7, New¬ 
castle-upon-Tyne, England. 

15th International Conference of 
the International Union of Chem¬ 
istry, September 6-10, Amsterdam) 
Holland* 
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